
%

H

g

1
_11 I1"

_.,_.b&£ Z'& t..zl_ q 01, AR- r "_-c,:, -,-,-,,,--.,,-c-__-C A [., .,-:,, ,. _ • [TY

""I

...... "i- - '' _ .... _ .... _.I_: -C ....t)r-a_31}.._..t_,.>,.:_x_-]21 ., £ _[!,j _:3 1. .;[_IV.[ U£ _ J.,_._¢ .[7_,,_,..!1_ O_
#_ r,,_

iV,u

,,,-,u,', ."

/_., ,",-:...... _ _;_-..

.///_i,_.,,>.-i April 1971



WORLD DATA CENTER A

National AcaJ, e<ny of Sciem.:cs

210! Cor:'._':tutio,.: .P_v,:<:.c, :".L V'

World :)at_ Center A consists of the Coordination Office

and nine -_,zbcenters-

Wor].d Data Center A

Coordination Office

National Acadcr;z of Sciences

2iO]. Constitutzon Avenue, N.W.

W_shingto_, D. C. , U.S.A. _0418

Telephone (20.o) 961-1_78

Solar and ]:nterplaneta_y Phenomer_,

Ionospheric Phenomena_ Flare-Associated

Events, Aurora, Cosmic Rays, Airglow:
World Data Center A:

Upper Atmosphere geophysics

National Oceanic and Atmospheric
Admini stration

Boulder, Colorado, U.S.A. _0302

Taler,home (_J'3) !;_;7-1.000 Exh. 33SI

<!eo_mgnc _i c:% Seismology aud Gravi_%y:
Werld PaPa Cen_er A:

Oeonagnetism, Seismolo_ and Gravity

Envirom:ental Data _zviee, NOAA

Rockville, _i_mylamd, U.S.A. 20852

Telephone (301) 496-8160

Meteorology (and Naclear Radiation):

World Data Center A:

Me teorology

National Climatic Center

Federal Buildi_

Asheville, North Carolina, U.S.A. ?.8801

Telephone (704) 254-0961

Oceanography:

_.4(:;r!,i Date Center A:

Oee_nography

_aild _ng 160

Secoud and N St_ee%_.'_ S.E.

Uczhi___ten_ D. C., U._'.A. 2"$390

Telei_hone (202)693-3753

Glaciology:

Worl,% Data Center A:

Glaelo]ogy

_eriean Geographical Society

Broadway at 156th Street

New Yo_k, New York, U.S.A. 1003_

Telephone (Pl_) 234-8.100

Rockets and Satellites:

World Data Center A:

Rockets and Satellites

Godd_rd .%_ace Flight Cezter

Code 601

Greenbelt, M_lz_d.and: U.S.A. ,90771

Telephone (301) 982-6695

i

Lo_gitude and Latitude:

World Data Center A:

Longitude and Latitude

U. S, Naval Observatory

Washir_ton, D. C., U.S.A. 20390

Telephone (_0_) 698-_2_

Not@s:

(I) World Data Centers conduct

(2)

(3)

Upper Mantle Project:

World Data Ceuter A:

Upper N_nt!e Project

T st_3__l :

World Data Center A:

Tsunami

Natio_l Oceanic and Atmospheric

Ad_ninistra bion

P. o. Box 3887

Honolulu; He_'_raii, U.S.A. 96812

Telephone (808) 546-.5698

Palisades, i[e'¢York, U.S.A. 10964

Telephone (914) 359-2900 Ext. 209

,-':;eruatlonal exchange of geophysical observations in accordance

with the principles set for[h hy the !n:ernational Council of ScientLqc Unions. WDC-A is established
in the United S._ares under _i,..e auspices of the National Academy of Sciences.

Coramunlcatlor:._ legardtng da_a h_tel'change matters |11 general and World Data Center A as a

whole should be addressed to. World Data Center A, Coordination Of P.ce {see _ddress abovE).

Inqutrto_ :ard eommunlc-::t{. ., concernlnz d_ta I:_ specific ,.: _ctpllnes sbouhl be sd,dres_.d re
th." " ;p: ia;9 :-ubc, ._ . -, , _,3ove.



.<f

WORLD
a

DATA CENTER A

Upper Atmosphere Geophysics

REPORT UAG-12 PART I

DATA ON SOLAR-GEOPHYSICAL ACTIVITY

ASSOCIATED WITH THE MAJOR GEOMAGNETIC STORMJ

OF MARCH 8, 1970

compiled by

J. Virginia Lincoln and Dale B. Bucknam

WDC-A, UDper Atmosphere Geophysics

Boulder, Colorado

Prepared by Research Laboratories, NOAA, Boulder, Colorado

and published by

U.S. DEPARTMENT OF CO_fl_[ERCE

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

ENVIRONMENTAL DATA SERVICE

Asheville, North Caro]ina, USA 28801

April 1971

SUBSCRIPTION PRICE: $9.00 a year; $2.50 additional for foreign mailing; single issue

price varies.* Order from the Superintendent of Documents, Government Printing Office)

speclfy_ng the Catalog order number, C52.16/2:12. Checks and money orders should

be m_de payable to the Superintendent of Documents. Remittance and correspondence

regarding suL,scriptioos should be sent to the Superintendent of Documents, Covernment

Prlntin_ Office, W_shingto[,, D. C. 20402.

*Price <;f this is_:ue $3.00



FOREWORD

This compilationis the _out'thin theseserios of reportscontinuingthis typeof inLeri_atienai
cooperationrecomz_endedby the Inter-UnionConunissiononSolar-Terrestris] Physics. TheChain,henor
Co-Chair._lenof IUCSTPWorkingGroups2, 7and12suggestedat the IUCSTPS_anposiumin Leningrad,May
1970,that this periodaroun4March6-10,1970wasworthyof study.

Dr. Akasofustatedthis periodincludedthe greatestmagneticstormto date in this solar cycle.
In addition, a total solar eclipse tookplaceonMarch7.

Therefore,in July ].970contributionsweresolicited fromthe international cow_unity. Original-
ly it hadbeenanticipatedthe reportwouldbecompletedbythe endof 1970. Contributionscontinued
to be receivedinto January1971. Thus,theprocessinghasonly nowbeencompleted.Becauseof the
largenumberof papersthereport is in threeparts to facilitate handling. Theonesdea]ingprimar-
ily with the eclipseare groupedasanAppendixto Part III. Therehasbeennoattemptto covercom-
prehensivelytheMarch7, 1970total solar eclipse. Thereadershouldrefer to the collection of
eclipsepaperspublishedin Nature,June1970. A "S_nposiumon1970SolarEclipse"will beheld at
theXIVthMeetingof COSPAR,June21- July2, 1971in Seattle, Washington.IUCSTPis coordinating
the organizationof this Symposiumin consultationwith all interestedUnionsandCOSPAR.Proceedings
of this Symposiumareexpectedto bepublished.

Thispresentreport also includesselectionsfromthe datanormallysent to WorldDataCenters
whichthe compilersfelt helpcompletetheaccountof the solar-terrestrial phenomenafor this study.
Themanyparticipantsare thankedfor their submissionsof their specialdataor contributions.

Thecompilerswish to acknowledgewith special thanksthe hugetask of typing andcorrectingthe
manuscriptthat wasdonebyMrs. LorraineBowerandMissMayStarr.

J. Virginia Lincoln
DaleB. Bucknam
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3. INTRODUCTION AND SUMMARY OF GENEraL ACTIVITY

by

J. virginia Lincoln

Aeronomy and Space Data Center

National Oceanic and Atmospheric Administration, Boulder, Colorado

As with previous reports of this series, the scientists submitting contributions have not had the

benefit of seeing each other's contributions. This leads to some repetition, but from different view-

points. In a few cases the compilers have supplied introSuctory text to the data submitted. Some

minor editing has been done to make the contributions consistent or to clarify the English. Some data

as published in "Solar-Geophysical Data" are repeated here for the user's convenience.

General Activity

The Abbreviated Calendar Record from "Solar-Geophysical Data", Number 314, Part II, pages 86-87,

shows a rise in the level of activity on March 6 continuing through tbe storm on March 8.

The two McMath regions mentioned as candidates for the source of the solar disturbance are Regions

10595 and 10614. Their region histories are reprinted in Table 1 below. See "Solar-Geophysical Data"

Descriptive Text for units used.. The calcium plage data are from McMath-Hulbert Observatory; the sun-

spot magnetic field data fr_n Mt. Wilson Observatory; the area, count and Z_rich classification from

NOAA, Boulder, Colorado; and the 9.1 cm data from Stanford University.

Table 1

Histories of McMath regions I0595 and 10614

MCHATH PEGIO,_I 1059_ _ CMP DATE _?,0 Feb RETURN OF REGION 10549 B 105St RCTATION ?

CALCIUM PtAGE DATA SUNSPOT DATA 9,1 CH

YR MD DA MD NO. LAT CMD L A_EA INT MW NO. LAI CHD L NAG. N AREA CNT D INT FLUX
70 P. 20 I059 c. N15 E_ 27 3 _0 2._

7_ 2 21 l_g_ N16 E76 _0 _DC 3.5 17759 Hi& E?O 232 0 100 15 D 19 6

70 Z 22 I_5_5 NI& E62" _2 _ODD 3.5 1775_ Ni5 E59 23_ _D ) _ _30 9 O 25 i_

?_ ? ?3 I_59_ ;_& E_? 2_ _0_0 3.5 %??_9 N16 _ _3_ (_ ) _ 0 2_ D _i IT
?O 2 2_ 1_59_ Ni? E3_ _ _IGO _.5 177_9 N16 E31 _3_ (0 | 5 _30 _ E 33 13

7_ ? 25 I}5_ Ni? E20 _5 _SdC 3,5 17759 NI6 EI_ 23_ (BY) _ 260 _8 E 35 I_

?_ _ _ 105q_ Ni? E05 236" _00 3,0 17759 N%5 EO_ _35 (BY| _ 260 38 E _1 i_

?n _- _? I_$9_ K'I? W18 _6 _I00 3,5 177.67 N11 W26 2_9 0 10 3 _ 3_ 16

_0 2 - 17759 Ni5 W]_ 23? 0 180 _ D
_0 2 ?_ 10595 N17 W?2 _37 _[_0 3.0 220 _3 O 33 13

70 3 1 I_59 _- NI? W36 _37 3_Q 3,5 250 35 D 21 8

70 _ 2 1_5 - _00 7 C 19 8

70 _ _ I_59_ 160 6 G 63 25

?0 3 _ 10_5 0 3 O 19 S

_ T 5 10595 NiT W,_9 2_8 70_ 1.0 12 5

?O 3 6 i_D5 _

NCHATH P,E(,ION I061_ CMR DAIE 7.6 Mof RETURN OF REGION 1G567" ROTATION

CAtCrUM PLAG_ DATA SUNSPOT DATA _, ! CM

YR MO DA MC NO, LAT CMD L AREA INT NW NO. LAT.CMD L NAG. H _REA CNT C INT FLUX

?0 3 1 1061_ $10 ESO 121 _00 1,5 ?0 _ D 13 5
70 3 _ _0 _ D

_0 3 3 100 _ D

?0 3 0 1 A

_0 3 ID 1 A

?0 3 _O 1 G

_'0 :3 ,, _.or, l_, eo 1'_ O lS _'
_'0 3 0 2 B

?0 3 10 _* C

?0 3 20 1 G

_'0 3 5 1061_* $10 E_8 J21 370_ 3._ 17770 $12 E26 120 (_P) ,_ 13 5

70 3 6 10614. $10 EIE, 119 3200 3._ l?T?O $1_ E15 _,20 (OPt _, IS 3

?0 3 ? 1061_* $10 WO% 12_ ;_800 3.0 177'70 $12 twO2 1213 (SPi 3 40 20 C 6 2

70 3 8 10614 $10 Wlh 173 2ko0 3.0 17770 S12 HIL_* 122 (BY) 3 50 18 D ? _*
?O 3 . 0 1 A"

?0 3 9 10614. $$0 W28 121. 2Z*O0 3.0 17770 $11 W20 1_1 (D ) 4 40 18 D 6 2

?0 3 30 ? D

?O 3 10 10611. $10 W_,O 17-3 2200 ?*0 8 3

70 _ ilL' 1061_, Sii W66 12_ 1_00 3.0 1 _, 5

70 _ 13 106J.k $11 WSO 123 800 2.0 9 "_



The University College London-Leicester University 9.1-I0.5A x-ray maps from OSO-5 indicate acti-

vity ii_ Region 10595 as it passes the west limb on March 6, ].970.

N

E

!

1152-1252 UT

5

6 MARCH 1970

Flg. I.

RES = 2 ARC MIN

UNIT = 10-6 ERG/CM2/SEC

Table 2 and the histogram (Figure 2) present the final Rz sunspot numbers and 2800 >_z solar flux

associated with the passage of these two regions February 20 - March 13, 1970.

Table 2

Feb. 20 125 201

21 128 195

22 132 187

23 164 188

24 166 190

25 ]73 183

R__z S

.-_ _;_.I v.,_ ...._no_ n.mh_rn (R_ for Februarv 20 - March 13. 1970

Rz S R__z S_

Mar. 4 107 168

5 107 173

6 103 170

7 iii 171

8 118 175

9 120 )67

Feb. 26 143 182

27 150 180

28 146 178

Mar. 1 137 179

2 129 176

3 113 170

Mar. I0 125 160

ii 103 158

12 88 166

13 104 154
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Fig. 2. Daily solar flux at 2800 >FHz, S, and final relative sunspot numbers, Rz.

The confirmed solar flares for March 6-8, 1970 are reprinted on the following pages.
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i:_,.:2 [_ 0426 0522 0436 N15 W88 1.000 10595 26.G 56 1N .70
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CTLLG 95 0430 0522 0436 N16 H87 1.000 10595 26.7 52 1N C 0436 .62
5;8[: 05 0447 0458 N15 Rgo 1.001 10595 26,4 11 -F V

' _ $11110hS REPORTING GROUP 28516. 1 STATIONS OBSERVING AND NOT REPORTING.

_t_2_516 _5 1226 1304 1234 NO5 NO5 .229 10607 5.1 38 -e 1.73
CXIA 05 1225 1310 1240 N05 NO5 .229 10607 5.1 45 -N 1240 1.39 1.43
_ C5 1227 1306 1234 R05 H06 .236 10607 5.1 39 -8 C 1.29

.C_5 C5 1228E 1250 1228E N06 W03 .235 10607 5.3 220 IN P 1230 3.40 3.50

_CM& 05 1242E 1305 N05 W06 .236 10607 5.1 260 -8 C 1242 .B3 .90

_:t C&I_ 05 1235 1240 1235 NO6 E02 .232 10607 5.7 5 _-N 1235 .23 .24

- SI_'IOhS REPORTING GROUP 28518. I STATIONS OBSERVING AND NOT REPORTING.

_&P28518 O_ 1455 1529 1505 $12 229 .484 10614 7.8 34 -N 1.03
CAIA 05 1_55E 15108 1505 S12 E29 .484 10614 7.8 15D -8 1505 1.33 1.53

wGMA 05 1504E 1529 Sll E29 .483 10614 7.8 250 -F C 1504 .72 .80

2_E18 0_ 1_36 1513 1450 $10 E29 .482 10614 7.8 37 _-F ,80

_a_¢ 05 1435 1510 1453 S10 E28 ,482 10614 7.8 35 -N C .88
,IFR 05 1437 3515 144F SIO E29 .402 10614 7.8 38 -F C 1447 .72 .80

C_c:_2_ 05 1616 1645 1623 S16 E70 .933_ 10618 10.9 29 18 1.21
t_CFa G3 IGISE 1640 1623 S16 El0 .933 10618 10.9 25D 18 C 1623 1.29 3.70

RAFY _5 1616 1649 1623 S16 E71 .93_ 10618 11.0 _3 18 C

: H/PR O_ 1618 16290 1623 S15 E70 .933 10618 10.9 llD 18 C 1623 1.13

SLg _C_A 05 1822 1910 1826 NIl N90 1.000 10595 27.0 48 --F C 1826

5/_ _C_A 05 1825 1850 S_5 245 .704 10618 9.1 25 --F C 1830 .72 1.00

bKPZ_SZ4 05 1905 1937 1915 S15 272 .944 10618 11.2 28 -N .93
_C_ 05 1909 1936 1912 $16 E70 .933 10618 11.0 27 -N C 1912 .62 1.80

RAPY 05 1911E 1938 1917 S14 274 .955 10616 11.3 270 IN C 1.24

_F:'8_25 05 1919 1_58 1931 $13 226 .t,42 10614 7.8 39 --N ._8
_Y 05 1917 1955 1929 515 E23 .404 10614 7.5 38 -N C ,93

: HCH_ 05 1921 2000 1932 Sll E28 .468 10614 7.9 39 -N C 1932 .62 ,70

b_'2_926 C5 1921 1932 1922 N12 R90 1.000 1_595 27.1 11 --F

_r 05 1920 1929 1922 N13 W90 1.000 10595 27.1 9 -N V

_Cr_A C5 1902 1935 Nll RgO 1'00_ 10595 27"1 13 "F C 1925

L;;28521 O_ 1940 1953 1942 N05 NO9 .262 10607 5.1 13 --F .h9
• RAPY 05 1939 1951 1942 N05 WIO .272 10607 5.1 12 -F C .46

_'Cm_ 05 1940 1955 1942 NO5 NO7 .244 10607 5.3 15 -F C 1942 .52 .50

l:,25 k¢_y 05 2042 2103 2044 S15 E73 .950 10618 ]1.3 21 --N C .21

92_ RX_t 05 2103 2108 2104 S07 214 .240 10614 6.9 5 --F C .46

05 2158 2235 NOFLARE PATROL

_530 06 0015 0033 0018 NO3 R17 .339 10607 4.7 18 -N .99

m_i Off 0013 0048 0018 NO4 W17 .348 10607 4.7 35 °N 2 00t8 1.03 1.10
_11,, C6 0015 0028 0018 N04 W17 .348 10607 4.7 13 -N C 0018 .93 1.00
V_R3 06 0016 0022 0018 N02 W18 .345 10607 4,7 6 -B C 0018 1.02 1,07

t_3_ C6 0545 0614 0553 509 265 .9D1 10618 11.1 29 1N 1.38
Cb,G 06 05_3 0612 0553 $10 E64 .893 10618 11.0 29 IN P 0553 1.65 3.20

CFC_. _h 0546 U615 0552U 508 E65 .902 10618 11.1 29 1N C 0552 1.10 2.30

_T_lIot_ REPORIING GROUP 28534. 0 STATIONS 0BSERVING AND N0T REPORTING.

•._ 06 '0747 0821 0751 514 218 .324 10614 7.7 34 -N 2.33

LOCATION DUIR A- ira- OBS MEASUREMENTS

TION POR

MAX APP_OX CENTRAL MEMATH CMP -- TANCE CO_,D. Typ E lIME MEAS CORN MAX MAX

PLAGE -- ARf_A AREA _,DTH INT
PHASE LAT D_sTMER D_3TANCE REGION DAY MIN UT Sq Deg Sq _g, HO %

CeL*_ _b 07_5 0825 0?55 514 E18 .324 10614 7.7 40 IN
_-2_ 06 _745 0824 0748 S14 E16 .294 1G614 7.5 39 -N

t_. 09 0748E 0810 Sll El9 .328 10614 7.8 22D 1F
Ckl_ 06 0750 0825 0750 S15 217 .315 10614 7.6 35 -8

_S_ 06 0755 0816 0808 S14 El9 .339 10614 7.8 '21 _-N
-IFK 06 0747 0617 0806 $15 El8 .330 10614 7.7 3G 1N

"a',% _6 0758E 0813D $14 E19 .339 10614 7.8 150 -F 1

L_Tz C_ _800 0825 0810 $II E20 .3#4 1091_ 7.8 25 -N
• _:_ C( 0_05 0_1_ [J_IO 517 L_i? .q00 10614 8.0 i0 -B

_b 12_I 1300 1251 N04 R27 .4_8 10607 4.5 19 --F

141

REMARKS

4 2 2 5

4 4 4 5

FH

BE

E

153 4

204

2 2 2 5

22 2 4
F
EU

3 3 2 3

EHV
UH
H

AK 2

E 2

2 2 2 2
E
F

2 2 2 2
F

E

2 2 0 2
DE

2 2 2 2
DEH
E

DE 2

DE 2

3335

E
74EJ

2226

_445
C 0755 2.40 2,50

C 0748 1.99 2.10

V 0749 3._9 3.39 2,2& 48 EW

0750 1.23 1.84 263

1.7.8 3 3 3 8
C 0806 2.37 2.40 E

0800 1.86 1.96

0810 .58 .$2 199

0610 .52 .57 204

C .46 DEN 3



SOLAR FLARES

Co n fi r m cd
MARCH 1970
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O_Sg_VED IJT L _CA J _ON
OBfE_V-

_TO_Y _a_E STaP_ _ND MAX APDROK _EN1 RAL _-'_MATH CMP

PHASE LATy _'ER DISTANCE PL_GE

HAR

;RP28537 06 1321 1341 1326 $14 E60 .85$ 10618 11.1 20 tN
RAMY 06 1318 1349 1326 $12 659 .850 10610 11,0 31 1N
NERA 06 1319E 13350 1323 $15 E60 ,859 10618 11,1 168 2N 2

HTPR 06 1321 1350 1327 $14 662 ,876 10618 11.2 29 IN

ZURI 06 13Z6 13_9 1326 $14 E60 ,859 10618 11.1 3 1N

;RP28538 06 1447 1510 1458 N03 W26 ,468 10607 4.7 23 --F

RAMY 06 1445 1517 1452 N82 W27 ,477 10607 4. 6 32 -F
H_PR 06 1449 1508 1458 N03 W26 .468 10607 4°7 _9 -F
O_TA 06 15006 15_00 1505 N03 N25 ,454 10607 _,8 100 -@
HCMA 06 1501E 1506 NO3 W27 .482 10607 4,6 50 -F

;RP28539 06 1534 1544 1536 NO8 W23 .462 10607 t,,9 10 --F

RAHY 06 1533 1543 1536 NO7 W23 ,454 10607 4.9 10 -F C
BOUL 06 1534 1544 1536 NOB W22 ,450 10&07 5.0 10 -F S

;RP28540 06 1700 1717 1703 NO3 W27 .482 10607 4.7 17 --F

RAMY 05 1658 1724 1703 NO3 W27 .482 10607 4,7 26 -F
BOLL 06 1700 1709 1703 NO3 W26 .468 10607 q.8 g -N

HTPR 06 1702 17030 NO4 W28 ,502 10607 4,6 10 -F

;RP28541 06 1723 1743 1726 SO7 612 ,206 10614 7,6 20 -N

RAMY 06 17_3 1746 1726 506 El2 ,208 I0614 7.6 g3 -N

_CLt. 06 1723 1737 1725 S_8 E13 .223 10614 7.7 14 -N
BOUL 06 1724 1740 1725 SO7 E1_ .206 10614 7.6 16 -N

542 BOUL 06 1749 1805 1752 521 W67 ,913 10621 1,7 16 -N

GRP28544 06 2057 2115 2100 S12 E3? .598 10618 9.6 18 --F

RAHY 06 2057 2114 2100 S12 639 ,625 10618 9.8 17 -F O
BOUL 06 2059E 2115 2059 512 E35 ,571 10618 9.5 160 -N V

545 BOLL 06 2141 2200 2143 N07 W2_ ,534 10607 4,7 19 --F

46 BOUL 06 2217 2221 2219 NO3 R29 .511 10607 4.8 4 --F

FRP28548 06 2348 000t 2349 $14 62_ ,489 10618 9.2 13 --N
| BOUL 06 2348 2352 2348 S15 E30 ,506 10618 9.2 4 -N S 2348
| HANI 06 2349E 0010 2350 $13 629 ._86 10618 9,2 21D -B 1 2350

HITK 06 2352E O00D $15 628 .477 10618 9,1 80 -F O 2352

_RP28549 07 0117 0132 0121 N07 H33 ,586 10607 4.6 15 -N
HAkI 07 0115 0138 0121 N11 W33 .610 10607 4,6 23 -N 3 0121
CROH 07 0118 0125 0121 N03 W33 .566 10607 4.6 7 -N O 0121

5RP28550 07 0138 0331 0152 S12 EIO .190 10614 7,8 113 26
CULG 07 0131 0329 0153 $11 E09 .168 10614 7.7 118 3_

MANI 07 0140 0_10 0148 Sll E09 .168 10614 7,7 150 2B 3
C_ON 07 0141 0240 0150 S12 Ell .205 10614 7.9 59 IN
HICK 07 0141 03330 0146 $13 610 ,196 10614 7,8 1120 2N

KCDA 07 0143E 0254 0202 511 E08 ,152 10614 7,7 710 26
VORO 07 0244E 0330D $11 610 .183 10614 7,9 46D IB

;RP28558 07 0630 0703 0641 $14 655 o813 10618 11.4 33 --F

TEHR 07 0625 06500 $12 653 ,792 10618 11.2 25D 1F
HIPR 07 0632 0700 0636 $13 655 .81_ 10618 11.4 28 -F
AOST 07 0634 0656 0645 $16 E55 ,813 10618 11,4 24 -F

HANI 07 0636E 0712 S13 657 °832 10618 1_.6 360 -N 1 '. 0640

$RP28563 07 0718 0752 0719 S20 478 .972 10602 1,5 34 1N

TFHR 07 06556 08100 S15 W7_ ,977 10602 1.4 75D 1F
AEST 07 0716 0730 0719 521 H?? ._67 10002 1.5 14 iN C 0719
1SIA 07 0720 0755 $24 W78 ,971 10602 1.5 35 -B

_RP2856_ 07 0722 0735 0725 NO_ 435 .598 10607 4.7 13 1N
TEHR 07 07206 0735D 0723 N04 W30 .530 10607 5.1 150 1N

CAPE 07 0721 0735 0724 NO_ 437 .62_ 10607 4,5 14 -N
HIPR 07 0721 0733 0724 NO4 W35 .598 10607 4.7 12 10
AEST 07 0722 0736 0724 NO4 R36 .611 10607 4.5 14 1R

HANI 07 07236 07260 NO4 W35 ,598 10607 4,7 30 1F 1
CATA 07 0725 0735 0725 N03 W36 .607 10607 4.6 10 -0

ISIA 07 0725 0737 0727 NO3 W35 .593 10607 4.7 12 1N

Du_a. _e O93. MEASUREMEN1 S
TgON POR

-- T,_NCE:0_3 T_p[ T_ME MEAS CORR _AX MAX
-- AR_A A_EA W[_TH INT

UT Sq. D_ _. D,g H_ 'i,

1,97

C 2,27

C 1327 1.55 3.00
C 1326 2.10 4,00

,70
C ,72

C 1458 1,03 1.10
1505 °75 .85 282

C 1503 ,31 ,40

,3i

,31

,26

C ,31
V 1703 .50
C 1703 .21 .20

1.27
C 1.03

C 1.50 1.56
V 1725 2.00

V 1752 .50

.52

.52

V 2145 ,_0

V 2219 ,80

,78
1.00

.72 ,01
,83 1,00

t.02
1.13 '1.44

• 90 1.10

8.37
P 0153 13,41 13,00

0148 5.98 6.03
C 0150 5°00 5,00

O 0146 9.08 9.20
C 0203 10.44 10,40 2.00

P 0246 3°88 3.90

.87

C 0636 ,41 .70
C 0646 1.07 1.80

1.13 1.89

,9O

°90

1,83

C 0724 1,41 1.80
C 0724 2,06 2°40

C 0724 2,25 2.80
0725 2,27 2,71
0725 1.16 1,45

REMARKS

4 4 3 5
F

_, 4 4 4
DEH

EH

2 2 1 4
DE

3 3 2 3
DEH

2 2 2 2
06

E

2

2212
DE

1

2

3325

E

2224

H

6446
HLRSU

FH
CIKU

81 EJ

4 3 7

E

0

3 3 110

D

7759

H

D

234 H

I
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SOLAR FLARES !
. Confirmed •

MARCtt 1970 i

OBSERVED UT LOCATION
OBSERV-

ATORY DATE START END MAX APPROX CENTRAL _MATH CMP

PHASE LAT, HER DISTANCE PLAGE

1970 D_ST. REGION DAY MIN.

MAR

RP28565 07 0803 0815 0809 NO7 W33 ,586 10607 4.9 12 --F
TEHR 07 0737E L8150 NO6 H32 .567 10607 4.9 36D -F

TEHR 07 0750E 08100 NOb W30 ,530 10607 5,1 200 -F
TEHR 07 0755E 08120 NO8 W31 .566 10607 5.0 170 -F

ISTA 07 0800 0804 NO5 W30 ,535 10607 5.1 4 -N
HIPR 07 0805 0812 0808 NO8 W35 ,617 10607 h.7 7 -F
CATA 07 0810 0830 0810 N07 W35 ,612 10607 4.7 20 -N

;RP2 8567 07 0840 0907 0843 S06 20=* .073 1061=* 7.7 27 -N
HONT 07 0837 0913 0842 SOIl E04 .090 10614 7.7 36 IB

CAPE 07 0539 0900 0843 506 E03 ,056 10614 7.6 21 -F

ZURI 07 0839 08500 0840 S06 E02 ,041 10614 7.5 11D IN
HTPR 07 0840 0904 08=*2 S06 604 ,073 10614 7,7 24 -E
CATA 07 0840 0920 08=*5 S06 E03 .056 10614 7.6 40 -B

MANI 07 0840E 0906D S06 EO=* .073 10614 7.7 260 -N 1
UCCL 07 0841 £,gOqD 0841 $05 E02 .052 10614 7,5 23D lt_
ISTA 07 0844 0903 0848 509 E07 .124 10614 7.9 19 -N

ABST 07 0845E 0905 0845 S06 EBb .073 10614 7.7 200 -N

;RP28572 07 1013 1030 1015 S19 WBO .979 10621 1.4 17 -N
TEHR 07 0900E 11500 0943 $15 _79 ,977 10621 1, h 1700 1B

HONT C? 1012 ]038 1017 $21 W77 ,967 10621 1.6 26 -N
UCCL 07 1012 1039 1014 SlB WBO .975 10621 1.4 27 iN
ZURI 07 1013 1016 1015 522 W77 ,967 10621 1,7 3 -N

HTPR 07 1014 1021 1016 $20 WBO .979= 10621 1.4 7 -N

5 STATIOI_S REPORTING GROUP 28573. 3 STATIONS OBSERVING AND NOT REPORTING.

;RP28573 07 1046 1150 1056 NO9 W45 .7_,0 10606 4.1 64 -F
HONT 07 1045 11020 1055 NOB W44 .725 10606 =*,1 17D -N
CAPE 07 1045 1150 1100 NOB H43 .713 10606 4.2 65 -F
UCCL 07 1047 1110D 1054 Nll H47 .768 10606 3.9 23D IF

28573 07 1045 1210 1109 NO7 W_=* o721 10606 #,1 85 'f-B

CA]A 07 1045 1210 1110 twO9 - H=*4 ,7_-8 10606 4.1 85 10
RAMY 07 1107E 11300 1107U NO5 W43 ,702 10606 =*.2 230 -N

;74 TEHR 07 10506 1205D NOB N35 .617 10607 4.8 75D 2N

7 STATIONS REPORTING GROUP -28576. 0 STATIONS OBSERVING AND NOT REPORTING,
GRP28576 07 1122 1205 1128 $14 E48 ,738 10618 11.1 43 1B

NERA 07 11186 I135D 1125 S15 647 ,727 10618 11,0 170 10 2

RAMY 07 1121 1217 1127 $11 E=*9 ,749 10618 11.1 56 10
HTPR 07 1122 1136 $13 E=*9 .749 10618 11.1 14 1B
CAPE 07 1123 1212 1130 $14 648 _738 10618 11.1 49 10

CATA 07 1125 1215 1130 515 649 ,750 ]0618 11.2 50 10

28576 07 OOO0 1205 (I139) $14 649 .749 10618 10,7 725 _lN

TEHR 07 1122E 1122D $13 E50 ,760 10618 11,2 16

ONDR 07 11336 1159 S14 E48 ,738 10618 11,1 26D 2N
HTPR 07 1142E 1210 $13 649 ,749 10618 11,2 280 -N

$
3RP28580 07 1601 1637 1609 $1=* Eh5 .703 10618 11,0 36 1N

HCMA 07 1600 1650 $15 E45 .704 10618 11,0 50 1N
RAMY 07 1601 1651 1608 $13 E=*6 .714 10618 11,1 50 10

BOUL 07 1601 1635 1610 $13 E42 ,665 10618 10,8 34 2H

OND_ 07 16076 1613 $15 Eh5 ,70=* 10618 11o0 6D Z_

_84 BObL 07 1919 1930 1920 $17 W21 ,386 10626 6.2 11 --F

;RP28585 07 2017 20_3 2020 N06 W54 .824 10606 3,8 26 --F
RAMY 07 2017 2043 2020 N06 W54 ,_24 10606 3.8 26 -F

BOUL 07 2021 2050 2031 NlO W55 .843 10606 3.7 29 -F

07 204_ 2057 NO FLARE PATROL

;RP28 586 07 2115 2139 2122 $21 W83 ,987 10621 1.7 2_ 1N

BOLL 07 2115 2139 2122 521 W83 .987 10621 1,7 24 1N
RAHY 07 2119 2143 2123 $23 W88 ,997 10621 1.3 2_ -N

;87 RAHY 07 2139 2156 21=.4 NO6 W45 .729 10607 4.5 17 --F

GRP28589 08 0009 0124 0111 $21 W89 .998 10602 1,3 75 --F

MANI 08 0009 0127 0111 $21 W88 .997 10602 1._ 78 -F 2
CRON 08 0108 0121 0111 $21 W90 ,999 10602 1.3 13 -N

DURA- IM- OBS MEASUREMENTS
TION POR-

-- TANCE CON_. Type TiME MEAS CORR MAX MAX
-- ,=REA AREA WIDTH tNT

UT $q. Drag. _- De9 HO %

C 0806 .=.1 .50 E
0810 .87 1.09 199 Z

2.03
C 0842 2,58

C 0843 1,20 1.20
P 0840 3.16 3,20

C 0842 2.06 2,00
0845 1,91 1.92
0845 1._4 1.=.4

P 0841 2,06 2,10

P 0845 1.79 1.80

.59

C 1017 .52

C 1014 .77
C 1015 .57
C 1016 .41

1.20
C 1055 1.55

C 1100 1.02 1.50
P 1054 1.03 2.=*0

2.06

1110 2,61 3.03
C 1.55

2.35

C 2._8
C 1124 1.65 2.60

C 1130 2,03 3.00
1130 3,25 h,85

.62

V 1134

C 1143 .62 1.00

2.63
C 1608 1.55 2,20

C 3.71
V 1610 6.50
V 1611

V 1920 1.00

,52

C .52

V

V 2122 k. O0
C

C .83

.51

0111 .52 1.60
C 0111 ,50 2.00

2,70

2,40

REMARKS

=* 4 2 7

9 9 B 10

339

E

E

5 2 2 9
V

D

3 3 3 7

F

2 2 2 6
234

F

V 6

5 5 h 7

F

EH

372

3 2 1 6
VE

K
B

=* 4 2 4
E
UF

2

2 1 t 2
DE

2 1 0 3

DE

DE 2

2 2 2 =*

IE

6
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SOLAR FLARES
C6nfiimcd
MARCtt 1970

OBSERVED UT
OBSERV-

ATORY DA_E STAPT END _AX
PHASE LAT, MER DISTANCE PLAGE DAY MIN

1970 D,Sr _EG_ON
MAR

RP28594 08 0657 0700 0701 S12 W08 .160 10614 7.7 11 --N
KODA 08 0656 0702 0700 $12 W09 ,175 10614 7,6 6 -R
MANI 08 0657 0712 0702 511 W08 .152 10614 7,7 15 -N 3

ONDR 08 06592 0707 $12 W08 .160 10614 7.7 80 -R
AEST 08 07002 0710 0701 Slh HOB .180 10614 7,7 10D -N

RP28595 08 07J4 0730 0718 NOB W46 .747 10607 4,9 16 IN
CULG 08 0712 0735 0717 NO8 W44 .725 10607 5.0 23 1R
CRON 08 0715 0722 0717 Hog H46 ,750 10607 4,9 7 -R

MARl 08 0716 0738 0719 R08 W45 ,736 10607 4.9 22 -F 3
ABST 08 0717E 0725 0717 NO9 W46 .750 10607 4.9 80 IF
ONCR 00 0718E 0732 NO7 W47 .755 10607 4.0 140 IR

;RP28598 08 1218 1243 1224 N08 NO4 .272 10616 8.2 25 --F
CATA 08 1215 1250 1223 NO7 W03 ,251 10616 8,3 35 -N
RAMY 08 1221 1236 1225 NO8 R05 .276 10616 8.1 15 -F

_RP28600 08 1330 1356 1341 $10 E16 ,277 10618 9.8 26 -R
ORCR 08 1327E 1356 $16 230 .509 10618 10.8 29D 1N

RAMY 08 1329 1351 1341 S10 EIE ,277 10618 9.8 22 -R
CATA 08 1330 1405 1340 S11 E16 .280 10618 9.8 35 -E
MCMA 06 13432 1353D S10 E1E .277 10618 9,8 10D -R

;RP28601 08 1335 1403 1346 NOB W51 ,800 10607 4,7 28 --N
RAMY 00 1334 1406 1350 ROC H53 .812 10607 4.6 32 -R
CATA 08 1335 1400 1350 Nl1 H51 ,608 10607 4,7 25 . -B

MCMA 00 1343E 1353D 1345 NO7 452 ,807 10607 4,7 10D -R

ONDR 08 1349E 1402 N07 R47 .755 10607 5.1 130 -F

;RP28604 08 1513 1524 1515 S12 H12 .221 10614 7,7 11 --B
RAMY 00 1511 1523 ]515 S12 R12 ,221 10614 7.7 12 -N
CATA 00 1515 1525 1515 S12 R12 ,221 10614 7,7 10 -B

;RP28605 08 1607 1649 1618 $16 E29 .495 10618 JO.8 42 -N

RAHY 08 1607 1649 1618 $16 229 .495 10618 10,8 k2 -N
MCMA 08 J6_OF 16390 $16 E31 .523 10618 11.0 9D -N

08 1817 1836 NO FLARE PATROL

08 18_0 1853 NO FLARE PATROL

08 1854 1952 NO FLARE PATROL

;RP28606 08 1933 2007 (1955) S12 H15 ,268 10614 7.7 34 -F

BOUL 00 19332 1952D 511 W15 ,263 10614 7,7 190 1R
MCMA 08 19522 2007D 513 W15 .273 10614 7.7 15D -F

$07 MCMA 08 2002 2007D 2004 N06 W52 .809 10607 4.9 5D --F

00 2007 2016 NO FLARE PATROL

GRP28608 08 2244 2314 2259 $11 H17 .296 10614 7.7 30 -N
CULG 06 2234 0011 2302 $12 HI7 .299 10614 7,7 97 IN
BOUL 08 2248E 22540 SO9 R17 .291 10614 7.7 6D -N
VORO 08 2249 2306 2256 512 W16 ,283 10614 7,8 17 -0

HANI 08 2250E 23210 Sll R17 .296 10614 7.7 31D -N !

;RP28613 09 0416 0508 0423 $13 225 ,427 10618 11,1 52 1F

MANI 09 0415 0513 0421 $12 225 ,424 10610 11,1 58 IF 2
CULG 09 0416 0510 0427 $13 224 .412 10618 11.0 54 1F
MITK 09 0416 0500 0422 S14 E25 .430 10618 11,1 44 -N

;RP28614 09 0535 0633 0541 S15 E25 .43_ 10618 11.1 58 -F

MIlK 09 0534 0539 $15 E27 ,463 10618 11,3 5 -F
CULG 09 0535 0638 0539 $16 224 .424 10618 11,0 63 1N

HAM! 09 0537 n627 0543 S15 225 .43_ 10618 11.1 50 -F 2

;RP286J5 09 0802 0815 0805 511 E15 ,263 10618 10,5 13 --R

MAN] 09 0800 0818 0805 $11 215 ,263 10610 10o5 18 -F 2
HTPR 09 0802 0811 0805 S11 E15 ,26_ 10618 10,5 9 -F

CATA 09 0805 0815 0805 S12 E15 .268 10618 10.5 10 -E

;RP28616 09 1104 1116 1110 $12 ti22 .378 10614 7.8 12 --H

t HIPR 09 1103 1116 1113 $12 _22 ,370 10614 7.8 13 -F

RAMY 09 1104 1118 1106 $12 422 ,378 1061fi 7,8 14 -F
CATA 09 1105 1115 1110 $13 W22 .301 10614 7.8 10 -8

18 MCHA 09 1700 1726 1708 $10 H29 .482 10614 7.5 26 --N

LOCATION i DORA- I_. OBS
TION PCIq-

APPROX CENTRAL _t:#ATH CM_ -- 7rANZE CO_D.Iy_E

_.IEzkSURF ',',_':N T S

TIME MEAS. CO_R _AX MaX
-- AREA AREA WIDTH INT
UT Sq Oe_. S_ D._ Ha .

,65

V 0658 .65 6.60 1,64
0702 .41 ,42

V 0701 2.20

P 0701 .90 .90

1.32
C 0717 1,75 2.55
C 0717 .70 1.10

0719 1.03 1.50

P 0717 1.79 2.70
V 0719

D

2.20 CE

RE_'_ARKS

4 4 3 6
CO

CO
D

5 5 4 7

• 96 2 2 ? 5

1223 1.39 1.43 195
V .52 F

• 97 4 3 3

V 1330 2.40 CK
V 1,03 F

1340 1.27 1.33 278
P 1343 .62 .60 E

.46 4 4 3 4

V .52 DE
1350 ,34 .59 246

P 1345 ,52 ,90 E

V 1350 2.00 Dlt

,79 2 2 2 4

V ,83 DE
1515 ,75 ,77 251

1,13 2 1 1 3
V 1,13 DE
P 1630 ,31 ,40 E

• 62 2 2 1 2

S
C 1955 ,62 .60 E

C 2004 ,31 ,50 D 1

1,53 4 4 3 4

C 2302 2,5_ 2,62
$ e
C 2256 1.29 1,33 98 EJ

2255 .72 .75

2,24 3 3 3 5

0421 2.48 2.70
C 0427 2.68 2.86
C 0 _,2_- 1.55 1.70 E

2.58 3 3 _ 5
C 0539 1.75 2.00 E
P 0539 4,64 4,95 R$

0543 1.34 1.40

• 46 3 3 3 5

0605 ,62 ,65
C 0805 .31 ,30

0805 ,46 ,48 23_.

• 67 3 3 3 6
C 1113 .62 .60

C ,52 DE
1110 .07 .95 209

C 1708 ,36 ,40 E 3

!



2. SOLAR DISK AND LIMB PI{ENO}_NA

"Synoptic Chart of Solar Magnetic Fields"

by

Robert Howard

Mount Wilson Observatory

Hale Observatories

Pasadena, California

This Synoptic Cilart is constructed from the digital data of the daily magnetograms obtained at

• he ]50-foot Tower Telescope at Mount Wilson. The spectrum line employed is % 5250.2, Fe I. The

J:_,_u_etograph at the Tower Telescope measures only the longitudinal component of the Zeeman effect.

! .'::eaperture is 17 arc seconds on a side, and the whole area of the sun is generally covered in one

:r_:;g_ero.gr_n with no overlapping.

The Synoptic Chart is made up of computerdra_m segments from individual day's observations.

In order to get a standardized chart covering one half of a solar rotation, the chart has been re-

dravn. There is no averaging done at any point from more than one day's observation.

The solid horizontal lines represent the equator, ± 20 °, ± 40 °, and ± 60 ° latitude. This is

.,n equal-area projection, so that the line at the top of the chart represents the north pole, and

_he line at the bottom of the chart represents the south p01e.

The Carri_gton longitudes are given at the bottom of the chart. The solid vertical lines rep-

_'c._e;_teach even i0 degrees in longitude.

.qtraight horizontal dashed lines represent the dividing llne between regions where there is

data and regions where there is no data due to incomplete observations.

Vertical dashed lines represent the dividing lines between observations from different days.

The longitude of central meridian at the time of observation is inuicated by a short vertical

line and date at the bottom, and by the caret at the top of the chart.

Solid magnetic contour lines represent positive fields (magnetic vector pointed toward the

_:b_erver)_ and dashed contour lines represent negative fields. Exceptions to this rule are made

rhc_n a contour line represents a lower rather than a higher value. Thus if there is a positive

_0 6_,uss contour line that is solid surrounding a dashed contour line, the latter represents

;_,::_[_ve i0 gauss, and within at is less than positive i0 gauss. This rule applies only to con-

_,_r_ _¢hich are not open at a boundary.

The gauss levels are + 5, ± i0, + 20, -+ 40, + 80 gauss. Corrections are made to co._pensate

for limb darkening or any other decrease in the brightness of the signal, but no corrections are

t.ad_ for possible geometrical effects such as the inclination of the line of sight to the lines of

for_e at high latitudes.

Positions are generally accurate to about 15 arc seconds. There is some smearing of the data

at high latitudes because of the geometry of the situation. Data greater than 40 ° from central

:_::ridia_t should be treated with some caution. Serious inaccuracies of fit at the boundary between

t_;o day's observations are normally due to rapid growth of a region.





"TheSolarActive Region Associated with Gee l_sical EveiLt_ 6-8 Narci_ 1970"

by

Patrick S. Mclntosh

NOAAEnvironmental Research Laboratories

Boulder, Colorado

The geophysical activity during the period 5-8 March 1970 can be associated with two separate

active regions on the sun. The minor geomagnetic disturbance which commenced about 0805 UT on the

5th may be sssociated with the central meridian passage of McMath region 10607 at N06 and Carrington

longitude 158 degrees. This region produced numerous X-ray flares during its eastern disk passage

[Solar-Geophysical Data]. The polar cap absorption and satellite-detected protons beginning late

on 6 March must surely be associated with an energetic flare event on west l_mb at 0926 UT that day.

The event was described as an importance two limb surge, but its rapid motion may classify it better

as a spray. It was located at N09 and it was associated with an X-ray burst of 2.8 x lO-2ergs cm -a

sec -_ in the 1-8 Angstrom band, placing it in the M category on the scale devised by the NOAA Space

Environment Services Center (formerly Space Disturbance Forecast Center of ESSA). The event was

followed by importance one loop prominences, which continued until the occurrence of an importance

three spray at 1838 UT (see Figure i). The severe geomagnetic storm beginning on 8 March followed

by 43 hours the west limb event at 06/0926 UT.

The source of the 6 March flare was McMath region 10595, located at NI5 and nine degrees beyond

the west limb at the time of the event. Figures 2 and 3 illustrate the abnormal evolution of this

region prior to the west limb event.

The region formed on the disk on 1 February in the trailing portion of an old and distended

region, McMath p]age 10547. The new region was designated region 10561. It reached maximum sun-

spot area on 2 February as a small type-D group of 150 millionths hemisphcric area. Its location

was NI8 and Carrington longitude 236.

The return of region 10561 on 21 February as region 10595 brought a bright calcium p!age (3.0

to 3.5) with area of about 4000 millionths of the hemisphere. The calcium plage area and brightness

remained nearly constant throughout the disk passage, although the ll-alpha plage appeared to fade in

overall brightness as the region approacbed west limb (Figure 3).

The sunspot group on 21 February was small and growing, as if new magnetic fields had emerged

through the old region only a day or two prior to east limb appearance. The spots developed into

a type-E group of about 400 millionths area by 24 February. The total spot area declined during

the remainder of the disk passage, but on every day some new spots appeared so that the area de-

cline was irregular and the group configuration changed radically during the western disk passage.

Two principal growth phases were evident. The first was the overall region growth to maximum

area from 21 through 24 February. The second phase began on 27 February with the appearance of

bright H-alpha plage and small spots south of the strong spot near the center of the region (last

frame of Figure 2). Simultaneously, north P01arJty spots came into contact with the large leader

spot of south polarity, and the joining of the spots apparently led to their rapid decay over the

next four days. During the same four days the central spot became darker and new spots and plage

encircled it. On 2 March spots of south polarity were detected on the edge of penumbra which also

enveloped two, strong north-polarity spots, thus creating a delta-configuration with the line of

polarity change oriented nearly east-west. Tbis magnetic configuration is highly correlated with

proton flares [Warwick, 1966].

Foreshortening interfered with observations of sunspot evolution after 2 Marcb. The increase

in H-alpha plage brightness south of the strong spots on 3 and 4 March indicates that the south-

polarity magnetic fields may have continued growth until the last observations on 4 March. This

growth would have enhanced the magnetic field gradients across the longitudinal neutral line in

_,,= _=±La uonfiguration, and we might inier that the conditions for a proton flare were improving

during west limb passage of region 10595.

The occurrence of the significant flare activity in region 10595 is plotted on time-lines in

Figure 4. Preference was given to events associated with X-ray bursts exceeding i0 -2 e_gs cm -2

sec -l in the 1-8 Angstrom band. Other events were included if they were at least importance one

on the disk or at least importance two on the limb. INto periods of high activity are evident,

corresponding well with the two phases of sunspot growth described above. Large surges at east

lin_ and several small X-ray events were associated with the general growth of the region until

24 February. A sudden increase in strong X-ray events, inc]uding a iiarge X-event, accompsnfed the

growth of new magnetic fields in the tempter of the region. Enhanced activity continued until well

after west limb passage, presumably due to the gradual complication of magnetic _e]ds near the

central spot. The lack of X-ray events near central meridian may be due in part to center-limb

variations in X-ray emission, with a tendency toward limb brightening.
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Eastern disk passage of McMath region 10595. Sunspot drawings from the

NOAA/NASA SPAN Observatory in Boulder. Spot polarities from Crimean

Astrophysical and Mt, Wilson Observatories. H-alpha patrol photographs

from Rmney Air Force Base, Puerto Rico.
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The choice of region ]_0595 as the source of the energetic particle effects on 6-8 Marnh is

strengthened by the occurrence of a proton flare from this region on its subsequent disk passage.

A portion of M_Matb region 10641 represented tile third rotation for the region. The early part of

the disk passage brought another phase of redevelopment, with a maxim_n sunspot area of over 5DO

millionths of the hemisphere in a type-D group. Class X flares occurred at 1203 UT on 25 March

and 0011 UT on 29 March. The latter was followed by satellite-detected protons and a small polar

cap absorption event [Solar-Geophysical Data]. Weakplage with no sunspots returned in April.

The outstanding feature of the solar active region with McMath numbers 10561-10595-10641 was

the repeated emergence of strong new magnetic fields at nearly identical heliographic coordinates

during a period of two months. The interaction of each new field with older fields was accompanied

by increases in energetic flares. The birth of new spots near older spots was seen to be related

to proton flares in other regions [McIntosh, 1969a, 1969b, 1970].
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"GcoactivePhenomenaBe__yondtheWesternLimb on March !.t 197_____0"

by

L. Krivsky

Astronomical Institute of the Czechosl. Acad. Sci.

Ondrejov near Prague

and

S. Pinter

Geophysical Institute of the Slovak Acad. Sei.

Uurhanovo

An H-J type active region (position_ NI5), which had displayed increased activity with flare occur-

r_.nces (McMath No. 10595) on the disk in the preceding days, set on March 3, 1970. Great flares, the

upper parts of which were at a minimum height of 20,000 - 25,000 km above the photosphere and represent-

_d sources of exceptionally intense x-ray emissions, occurred in this region when it was about 13 ° be-

y_::! the W-limb on March 6, 1970. The first great phenomenon occurred after 0926 UT. A second great

pl_no:nenon, originating beyond the limb of the disk after 1200 UT, the central and upper parts of which

e:_er_led at about 1300 UT, represents a typical case of a perfectly developed proton flare of the .ascend-

inf, _:_agnetic channel type in the shape of a loop channel as can be seen from the photographs of this

pilcnc_.enon [Krivsky 1968, 1969a,b, 1970]. This flare was also the source of sub-cosmic particles which

c_m._ed a minor PCA effect beginning at 1410 UT on the ssane day, and one and a half hours later 20 - 70

_:c.V particles were detected by the geostationary ATS-I satellite.

_'he purpose of this report is to compare direct x-ray emission measurements made by the SOLRAD 9

s_'e]lite _qth the SEA effects on 27 and 35 kHz. As regards the former phenomenon from beyond the limb

it _'_,,_;!_ossible to deter.nine the variation of the electron temperatu_-e of the source and the approximate

vertical dimension of the flare nodes which ascended rapidly above the disk lilab and radiated in the

x- _'ay emission.

Ch_,,acteristics of x-ray emissions and SEA effects

If the variation of the x-ray emission on the three channels o_served is compared with the vari-

ation, of the SEA effects on 35 kHz (Figure i) very good agreement can be seen in particular as regards

channels 0 - 3 A and 1 - 8 _, including secondary increases; as regards SEA there is, of course, a

ti_:'e delay of several minutes as a result of the reaction time of the ionosphere. Unfortunately, there

are gaps in the satellite x-ray emission records corresponding to the time of passage through the

l::_rth's shadow; then the better record is that of the variation provided by SEA effects where there

a,e ::o interruptions.

Firstly, the characteristic variations of the x-ray emission and of the SEA effects are quite ana-

i_,,_>_s: t:he first effect after 0930 UT is a typical flare effect with a sudden increase and a gradual

d_,_r_ase. This effect and its emission are probably affected by the emission from a very weak flare of

i:'portant SF after 1049 UT, but only towards the end. The second, less typical SEA effect due to the

increase of the x-ray emission after 1200 UT was caused by a series of active phenomena located beyond

t) c: W-lim_ of the disk, as well as by phenomena on the disk, All the data pertinent to the commence-

::_n[s of the observed phenomena are in Figure I, denoted by arrows on the SEA record. As a result of

the complicated multiple events after 1200 UT the electron temperatures were not calculated.

Secondly, provided x-ray emission satellite measurements are available outside the shadow it is

also possible to observe the response of the secondary increases, e.g. around 1330 or 1500 UT, on the

6i:A 35 "k}Iz records. This again substantiates the previous results concerning the importance of SEA

effect recordings on some frequencies for obtaining an idea of the variation of the original x-ray

e:nlssion. A suitable choice of atmospherics frequencies may provide a rough idea of the anomalous x-

_'ay emission in some different intervals [Krivsky and Nestorov 1968]. An SEA record on 27 kHz (Ondre-

lov Czechoslovakia) was also available for analysis; with the exception of certain detailed features

it displayed a variation similar' to that of the 35 kHz record from the observatory of Vsetin (Czecho-

slovakia). The c_nparison of both frequencies affected by the slightly different x-ray emission ranges

',:ill be the subject of a future paper.

Table 1 gives a comparison of some of the characteristic of the observed x-ray emission with the

cl_racteristics of SEA effects on 35 and 27 k}Iz. The time data and the comparison of the maxima of

the emissions and of the SEA effects are sufficiently representative and also important for certain

ca](,._lations concerning the reaction time of the lower ionosphere.

'ihe first observed x-ray emission burst in the I-8 A range reached an intensity of 0.05 erg cm-2 -

.'I, and in the 8 - 20 A range an intensity of 0.12 erg cm -2 s "I.

16

1

b



!!

7_

L.

0 - 3

Table i

e •

First burst of the x-ray emission

Max. EndStart

UT

(0931)

0930

UT

('>0938)

0940

UT

and SEA

Duration

of event

min

1 - 8 1136 126

8 - 20 0931 0943 1148 137 12

SEA 35 kHz 0937 0944 126 7

t(I-8,SEA)

7 min

i<I143)

t(I-8,SEA)

7 min

t(I-8,SEA)

4 rain

(i- 8, SEA)

0

I Duration of I

the phase of

increase min

(>7)

I0

t
(I-8,SEA)

-3 min

t (8-20,SEA) t (8-20, SEA) t (8-20, SEA) t (8-20,SEA) t (8-20, SEA)

6 min 1 min -5 min -II min -5 min

SEA 27 kHz 0935 0942 (1113-1143) (128) 7

t
(1-8, SEA)

(7) min

t
(8-20,SEA)

-5 min

t
(1-8, SEA)

2 rain

t
(8-20,SEAl

-.i min

t(l-8, SEA)

(2) min

t
(8-20,SEA)

-ii min

t

(1-8,SEA)

5 rain

t

(8-20,SE_)
4 rain

t

(1-8, SEA)

-3 min

t

(8-20, SEA)

-5 rain

The Height and the Vertical Dimension of the Source Emitting the X-ray Emission (first phenomenon

0926 UTI)

It is kno_¢n that this x-ray emission burst was not caused by a phenomenon on the disk but by a

phenomenon based beyond the limb at a distance of about 13 ° . The nature of the pheuomenon cannot be

critically assessed because photographs in Ii_ were not available. This phenomenon was classified at

the time by the now NOAA Space Environment Services Center as BSL, imp. 2, N09 at its beginning. It

later was transformed into loops, imp. I, NI5 lasting for about five hours. The x-ray emission was

radiated towards the Earth only when the radiating "sources" reached a minimum height of about 20,000

k,u above the photosphere. The existence of sn x-rsy em_ ssion d,Ae to these pbenome:_s fro_ beyond the

limb at these heights has already been described before [Kleezek and Krivsky 1960, Krivsky and Nesto-

roy 1969].

Let it be assumed that the ascending nodes of the phenomenon, which were the source of the x-ray

emission, emitted the emission prior to appearing over the disk limb; also assume that the rate of

ascent could have amounted to about 30 km/s in the first instance, and to about I00 hn/s in the second

instance, and also that the emission did not vary too much in the course of the emergence of the "nu -_

cleus". It is known that in the harder interval of i - 8 _ the increasing phase lasted for I0 min,

and in the softer of 8 - 20 _ for 12 min. One can also consider the fact that exposure of the source

of the x-ray emission when the emitting sourcesare ascending lasts over an interval from the onset

of the x-ray emission to its maximum (to the full exposure of the "nucleus"). As regards the I - 8

channel the following vertical dimensions of the "nucleus" are obtained for the two alternatives of

the rate of ascent considered: i) 18,000 km and 2) 60,000 ]_n; for the 8 - 20 _ channel: i) 22,000 km

and 2) 72,000 km. Should the actual rates of ascent of the bright nodes of the phenomenon above the

disk limb be available these data could be made more accurate. It is also necessary to point out that

the dimensions of the "nucleus" with the first alternative of the rate of ascent roughly correspond to

the height of the brightly radiating nodes in H_ at the peaks of loops of proton flares [Krivsky

1969 b].

Electron Temperatures and Source Energy (First Event)

_nce m_a_u_ement_ of the intensity of the x-ray emission burst are available for two frequency

ranges, 0.5 - 3 and i - 8 _, the electron temperature, Te, can be computed according to Bogen [1968].

The computed temperature is shown in the bottom half of Figure I. One can see that the temperature

increased sharply at the time of the increase in the 1 - 8 A intensity, and that the temperature de-

creased quite rapidly at the time of the decline of the x-ray emission intensity. The maximum elec-

tron temperature Te amounted to 5.8xi07 °K. It appears that the temperature determined in this man-

ner should characterize the temperature of the small "nucleus" itself.

As regards the comprehensive study of the phenomenon it is very important to have data on the

overall radiated energy for various x-ray emission _'a,_ges. The energy _.,ascomputed by means of the

time iutegral of the radiation intensity curve. The computed energies arc given in the follo:¢ing

table; it can be seen that the total energy radiated decreases with decreasing wavelength.
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The upper three records represent the x-ray emission on three channels of the SOLRAD 9

satellite. The middle record is a copy of SEA effect recording (sudden enhancement of

a_nospherics) on 35 _Iz, the bottom boundary line is the zero level, the dashed line is

the fitted normal level corresponding to days with no effect. The arrows on this record

indicate the beginnings of all confirmed and unconfirmed flares together with their po-
sitions, the adopted data are also given concerning the character of the active events

beyond the W-limb, and the interval in which the flare-loops channel probably emerged on

the disk is also marked at the lower boundary. Arrows indicate the beginnings of radio
bursts giving the observed frequency range. The bottom curve represents the computed

electron temperature, Te, of the "nucleus" emitting the x-ray emission according to
Bogen's formula [1968].
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Using a large amount of statistical data the total energy radiated in the said energy ranges was deter-

mined in dependence on the importance of the flare [Pinter 1970]. By comparing the energy from the

flare from beyond the limb on March 3, 1970 with the values of the energy computed for the various

flares, it is possible to conclude that the flare was of importance 2B or 2F.

Proton Flare Beyond the Limb (Second Event_

Using the photographs of the flare beyond the limb, furnished by the NOAA Space Environment Ser-

vices Center, Boulder, Colorado, it was possible to determine the trend in the rate of ascent of the

upper nodes in the interval 1406 - 1539 UT as about 4.5 k_/s, which is the usual trend of the rate

for the second slower phase of ascent of the peaks of the nodes on the loops in proton flares [Kriv-

sky 1969 a,b]. By extrapolating the second trend into the past (since the authors did not have pheto-

grapbs made prior to 1406 UT) and considering the approximate onset of the first trend to be about

20 l_./s, one arrives at the conclusion that the peaks of the loop-tunnel flare with their base beyand

the limb by 14 ° emerged approximately at 1300 UT ! 20 min. This could agree with the radio emissicn

in the 245 - 15,000 MHz range which began at 1317 UT and with another emission at 1325 and 1339 L_

[Solar-Geophysical Data, U.S. Department of Commerce (Boulder, Colorado U.S.A. 80302)]. See Figure i.

With a view to the character of this event one may judge that this flare was the main source c f

the ejection of particles of sub-cosmic radiation which caused the PCA effect on the same day. More-

over, it may be said that the particles which were responsible for this effect and the increase in the

particle flux at the satellites were generated in the first instance in the regions of the peak ncdes

on the loop tunnel [Krivsky 1968, 1970], whereas the particles with much h_gher energies were gene-

rated in the bottom parts off,this formation unobservable from the Earth, and this was probably the

reason why they did not arrive at the region near the Earth.

The authors would like to thank Mr. D. Horan of the _L Research Laboratory, Washington, for >_o-

viding them with the measurements of the x-ray emission from the Explorer 37 satellite prior to their

publication. The authors would also like to extend their thanks for cooperation to Mr. T. Skandera

and Mr. Z. Kamarad of the observatory in Vsetin.
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"GreenCoronain Connection with the Possible Proton Event |larch 61 1970"
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by

M. Rybansk_ and J. S_kor_

Astronomical Institute of the Slovak Academy of Sciences

Skalnate Pleso, Czechoslovakia

_zr short note is written with the assumption that McMath region 10595 was the source of the

p_,slble proton event of March 6, 1970 which caused remarkable manifestations in the whole spectrum

am_ _:hich was accompanied by extraordinary geophysical effects. This is chiefly suggested by low

e:_ergy solar cosmic ray measurements carried out by spacecrafts Pioneers 6 and 8. At the time the

poszlb]c proton flare occurred, the region ]0595 was already behind the solar limb. From the fact

th._t d_sturbances occurred in the Earth's atmosphere and from the known positions of Pioneers 6 and

8 it is clear that a sector of the interplanetary medium more than 180 degrees in extent was affected.

The position of region 10595 (NI5, L = 238 =) in the period March 4 - 7, 1970 was very suitable

for coronal observations. The region was crossing the sun's west limb. Unfortunately, during this

period there were no observations at any corona station, except for a March 4 observation of Kis-

lovodsk, evidently owing to bad weather. In consequence of the generally small number of observa-

tions in the winter period it was not even possible to construct synoptic coronal charts separately

f,r the east and west limb passages of the given region. Therefore, we approached a certain com-

?ro_Ise. Coronal activity, brightness of the green corona emission line - 5303 A, was calculated

for the central meridian as an average of values when the proper meridian passed the east and west

llmbs. When the observation from only one limb existed, as in most cases, this observation was con-

_idered as belonging to the central meridian.

Measurements of the different stations (Pic du Midi, Kislovodsk, Lomnicky Stit, Norikura) were

_ransfor_ed to a common Pic du Midi photometric scale by the method designed by Gnevyshev [1963].

qy_tematic errors between different corona station data were eliminated using results of S_kora

{_971].

In Figure 1 five synoptic charts of the five successive passages of the studied region through

the central meridian are demonstrated (Carrington rotations No. 1556-60). It can be clearly seen

that Jn rotation No. 1558, which is associated with the critical period of March 6th, there is a

remarkably enhanced green corona intensity just at the location of the 10595 region, NI5, L = 238 ° .

The intensity reaches 175 so-called absolute coronal units. This is an intensity about 3-4 times

hlgi_er than one could expect in'this part of the solar cycle and in heliographic latitude NI5.

Tbure is a Justifiable assumption that at the time when the possible proton event occurred the

corona intensity was even significantly higher. High corona intensity occurred during all five

rotations in the neighborhood of this heliographic position. This implies that the 10595 region

_eas a part of an active complex in which the active regions were successively occurring and fading
('U I_ .

In Figure 2 the daily maps of the green corona for March ]6 and 17 are shown. The studied

region was just about to appear at the east limb. The isophotes were obtained by measuring a

radlal slit spectrograph, On such spectrograms it is possible to measure the corona intensity from

_he llmb outwards. The intensities are expressed in the scale of Lomnicky Stit and measured by the

r.ethod as described by Lexa [1965] and Rybansk_ [1967]. Except for generally enhanced intensity,

150 absolute units, in comparison with, for example, the southern hemisphere, no clean-cut details

can be seen in the NE quadrant.

C.,._ ....:_, M.N. 1963

LKXA, j. 1965

_";_'_*_-;_, M. 1967

:,'i .,Ol-b_. j. 1971
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"A Two-Ribbon Flare on March _L_1970"

by

Eijiro Hiei and FL_lio Moriyama

Tokyo Astronomical Observatory

Mitaka, Tokyo, Japan

Introduction

An importance 2n flare took place in McMath region No. 10614 on March 7, 1970• This flare was

observed simultaneously with a 14 cm monochromatic heliograph at Mitaka and an echeile spectrograph

of the solar telescope at the Okayama Astrophysical Observatory. The active region, which produced

the flare, appeared at the east limb on March I. On March 2, a small sunspot of type C appeared.

The development of the sunspot as observed at Mitaka is sho_n in Fig. i.

Mar. 2

7

f
•-°

b

3

8

t

.7.

5 6

10

I

iI

Fig. I. Disk passage of the sunspot.

The flare, activity of the region was very low And only the flare of March 7 was observed in this ac-

tive region during its disk passage at Mitaka.

Instrument

The solar telescope is of Coude type with a 65 cm objective mirror and makes a solar image of

36 cm in diameter on the spectrograph slit. Sunlight passing through the s]it is collimated by a

mirror with 500 cm in focal length and 15 cm in aperture• The collimated beam is directed to a

transmission grating of Bausch & Lomb with 83 grooves/_n blazed into % 7700 A ist order• In order to

save an area of "inter-spectra" of an echelle spectrogram, the Ist order spectrum of the transmis-

sion _rating is used from k 4900 A to _ 6700 A and the 2nd order from k 3400 A to _ 5000 A. Then

the beam falls on an eehelle grating of Bausch & Lomb with 73.25 grooves/mm of a size 128 nm x 254 mm

and is diffracted into a series of 36th- to 71st- order spectra• The spectra o_ 40 cm x 18 cm is

formed by a camera mirror with 400 em in focal length and I00 cm in aperture. A camera is set at

the center of the mirror and the echelle grating, and the image forming system is of a correctorless

Schmidt. A field flattening lens is put just before the image of the spectra. A date, time, 12

marks from a tube sensitometer for the blue, and the other 12 marks for the red are impressed at

one corner of the film. A roll film of 24 em x 60 m is loaded in the camera, and the spectrum can

be taken at a maximum speed of 1 frame per 15 sec. A slit jaw picture is simultaneously taken with

spectra by a reflecting light through a Lyot filter of 0.5 A passband at ]_.

Development of Flare

At about 00]0 U_ on March 7, a dark filament wa_ formed on the east _ide of the spot a_: is sho_¢n

in Fig. 2. The filament gradually extended towards north and south with increasing dar]<ness, and
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attained maximam visibility at 0040 UT. At 0045 UT it joined with pre-existing dark markings, each en-

circling the north and south sides of the active region, respectively. After that the filament began

to fade from the southern part, follo_ed by diminution of the northern part. At 0135 UT the southern

part was corapletely gone, but the northern part left faint traces of darkness. At 0140 UT the flare

started as brightening of two regions, one (A in Fig. 2) along the fading northern part, and the

other (B in Fig. 2) previously occupied by the southern part of the filament. At 0143 UT another

brightening appeared parallel to the pre-existing flare at A, and they advanced rapidly towards north

and south to take the shape of two-ribbon structure. The flare developed into two prolonged bright

fi]_unents which were receding one from the other, and attained maximum brightness at 0145 UT. After

that the brigbtness fell gradually. See Figure 3.
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Figures 4 and 5 show the lateral displacement of flare r_bbons. In the earlier phase the separ-

ation proceeded with a velocity of about 12 kin/s, but in the later phase the motion was decelerated

and the velocity decreased to about 3 "km/s. In particular the one ribbon at west side appeared to

be stopped near the sunspot.

The IFZ patrol observation at Mitaka ceased at 0330 UT because of unfavorable weather, and the

last phase of the flare was not observed.

Spectrographic Observation

The observation with the echelle spectrograph was made from 1 min. before the time of maximum

brightness of the flare. Total 18 spectrograms were obtained during 90 min. of the whole development

of the flare with an exposure time of 1 sec. A slit of 50 iz in width and 3 nma in length was used.

The slit jaw picture was taken at the same time as the exposure of the spectrograph by a Nikon Motor

Drive with an exposure time of 1/4 see. Figure 6 shows a spectrogram of the flare taken at 1 min.

before the maximum time. Linear dispersions on the spectrogram are ranging from 0.25 A/mm at 3500 A

to 0.50 A/_n at 7000 A.
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Microphotometer tracings were made for the l_ines of II_, He, Ca !I 14 and K, Si I k 3905.53 A,

and Fe I _ 3719.95 A at the brightest region of the flare. Figure 7 shows the tracings for these

lines. A red asyrmnetry of profiles for some lines is seen in the figure.

1 rain. before
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........... 5rain. after
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Line profile of emission lines
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Fel {3;,_9.9sA)

Fig. 7. Line profile of emission lines.

The asynunetry varies from line to line. The strong lines like B:_, Ca II H and K show a displace-

mvnt to the red corresponding to about 40 kin/s, and Fe I_X 3719.95 A)line is shifted by about i0 km/s.

The asymmetry is hardly seen in Si I},_ 3905.53 A)line. The line asylmnetry at each line is greatest at

the earlier phase of the flare and becomes gradually weak as shown in Figure 7. The observation that

ll,_ red as.5a_unetry is larger for the stronger lines is in agreement with Banin's result [1965].

BANIN, V.G. ]965
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"Optical Flares and VLF. A_nomalies Related to the Great Magnetic Storm of March 8, 1970"

by

Richard A. Miller, S.J. and Allan R. Trinidad

Solar Division, Manila Observatory, Philippines

Introduction

This paper will confine itself first to a description of the photographic aspects of two of the

three largest solar events, as rated by x-ray emission, in the three and a half days preceding the

most severe part of the March 8, 1970 great magnetic storm, and second, to a description of some of

the VLF effects, especially at the height of the storm.

Observations of Flares

A glance at Solar-Geophysical Data [ESSA, 1970] shows that of the three largest x-ray events,

in the range 1 - 8 _, measured by satellite Solrad 9 - Explorer 37, for the period March 5 to March

i0, 1970, two were occasioned by the double flare of March 5 at 0420 UT and by the flare of March 7

at 0130 UT. The double flare at opposite sides of the sun, on March 5, possibly predisposed the

!

t/' ii

I

i

Fig. i. Double flare at opposite limbs, March 5, 0457 UT, 1970, taken near ma_xima of SPA'_;,

but after optical maximum. Arrows point to flares.
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Fig. 2. Sudden Phase Anomalies corresponding

a) to the double flare of March 5, 0457 UT and

b) to the flare of March 7, 0130 UT

magnetic field about the sun for the penetration of the particles from subsequent flares. Iono-

spheric efi_.cts were strong and lasted on the local VLF circuits from 0418 UT to 0656 UT. Practi-

cally simulzaneously two flares began, one at S15 E71 and the other at NI5 W86 to the limb. Figure

1 is a photograph of this event taken near SPA maximum, twenty minutes after t:he maximum of the

western flare. The IN rating for the western flare may have been an underestimate, due chiefly

to spotty coverage of the flare here through clouds. Figure 2a shows major SPA's on all three of

our locally monitoced transmissio_-_s. The advances were 134 ° , 148 ° and ]42 ° on circuits tuned to

GBR, Rugby, England, NLK, Jim Crccqc, Wn. and NAA, Cutler, He., resp_-'ctively. Duration for the

longest SPA, on the GBR circuit, was two hours and thirty seven minutes.
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Fig. 3. Major flare of March 7, 0150 UT, SII E09, at end of flash phase with parallel

ribbon emission.

Figure 3 shows the hydrogen alpha filtergram of the event of March 7, 1970. The photograph

taken at 0150 UT is of flare maximum. Figure 2b shows the corresponding VLF disturbances. Maxi-

mum phase advances on the NLK and NAA circuits were 97 ° and 144 ° , respectively. The original filter-

gram of Figure 3 was photometered at one of the brightest regions and found to be 0.47 in log in-

tensity above the local background. This is considerably below the 0.63 log increase of the October

31, 1968 3b flare, photographed through the same telescope [Miller and Trinidad, 1970]. The March

7 flare, while not especially bright, was of considerable tenacity.

it would not have been easy to pr=dict a i_£ge fla£e in .....=_±_region. _^-_,_=_=,.._o a ...........

shaped fo_ation or'a gamma configuration in hydrogen alpha emission. This configuration has been

observed at Manila as a necessary, but not sufficient condition for a vigorous flare. The calcium

spectroheliogram taken shortly before the flare (Figure 4a) shows one particularly sharp corner and

three angular bends in that part of the plage region which flared, in contrast to the spectrohelio-

gram taken the next day (Figure 4b) after the flare. This latter photo shows that the tubes of flux

were by then well rounded. Arrows point to the location of the sharpest feature.

There was nothing impressive about the spot group of the region, which was classified as D 14

by tile Manila Observatory just prior to the flare. An accurate sup_-_rposition of a simultaneously

photographed white-!Jght heliegram and an ll-alpba fJltergram, take-_ before the_ flare on Marci_ 5 at

2321 UT, shovs a cross formed by zhe intersection of a dark fibril coming out from a small spot at

the NE side of the group and a_other dark fibril just appearing off l-he south end of a line of three
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Fig. 4. K 3 spectroheliograms of flare region (McMath plage No. 106]_4) taken (a) before the

flare, March 7_ 0040 UT and (b) after the flare March 8, 0024 UT. The flux tubes

have considerably rounded and smoothed in the interim. Arrows point to the location

of the sharpest feature.
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faint north-south oriented spots. This is a somewhat co_mnon phenomenon in white light. The "X '_ _as

at the location of the most vigorous part of th& flare at the beginning of the flash phase. Curious-

ly, the area of the spot group of the flare region notably declined near flare time. It measured

2.4 square degrees a day before the flare, March 5, 2321 UT, 1.3 square degrees at 2354 UT March 6,

shortly before the flare, and then 2.5 square degrees by the next day, March 7, 2320 UT. The region

showed only very minor flare activity for the rest of its disk passage.

At 0015 UT, March 7, shortly before the flare, a dark filament in hydrogen alpha intensified

along the stronger or western edge of the gamma configuration on the inside (eastern) edge. The

film patrol showed fluctuations in the filament at 0023 UT and more intensification at 0030 UT. The

filament cut across the weaker (eastern) arm of the gamma configuration.

At 0115 UT, March 7, there began an SN flare at Nil W33, with a dark surge pushing out from

this flare at 0124 UT. Possibly the disturbance gave rise to a brightening on the edge of the fila-

ment mentioned in the preceding paragraph, at 0130 UT, which may be taken as the beginning of the

importance 2 flare. Propagation would be _1400 _/sec. The brightening gradually increased till

0141 UT and then in nine minutes, from 0141 UT to 0150 UT it flashed to a maximum. The flare formed

parallel streamers at about 0145 UT. These streamers then separated. At 0150 UT they were one de-

gree apart, two degrees apart by 0216 UT, and three degrees apart by 0252 UT. This was at a slightly

increasing rate. The average rate was seven hm/sec. Divergent motion of two parallel streamers i_

eonmlon especially to many proton flares [Bruzek, 1964]. At 0252 UT two faint parallel emission rib-

bons filled the gap between the main parallel flare ribbons. The flare lasted for as long as three

hours, if ending is to be taken as 0430 UT, though any ending time between 0410 UT and 0430 UT would

be satisfactory.

At the beginning of the flash phase the curved filament to the NE of the region disappeared,

and reappeared after the flare. The filament to the SE almost disappeared completely at 0145 UT

midway in a five minute interval of fade and restoration. At 0159 UT, five degrees to the SE of

the flare center, a glob of matter approached a ribbon_ The ribbon, as though hinged at its inner

end, swung towards the glob. At the junction, when the glob and the ribbon met, a dark surge moved

out to the SE. There was no, visible shock wave, on band, at ]east.

VLF Circuits

The Manila Observatory moniters three VLF stations, GBR, NLK, and NAA. The first two paths are

geographically similar, going from Manila NW and NE to Rugby, England and Jim Creek, near Seattle,

Wn. The third, to Cutler, Me., is a transpolar route, running two degrees from the pole at its

closest. The GBR trace reaches its apex at N. Lat. 62.5 ° and E. Long. 47 ° which is 76 ° magnetic

north, whereas the NLK routereaches its apex at the tip of the Aleutian Yeninsuia, N. Lat. 54 _, W.

Long. 160 °, which is 66 ° magnetic north. The GBR path runs above the 74 ° magnetic line for a third

of its length, namely from Tomsk, (N. Lat. 56 _, E. Long. 85 °) to Petr0zavodsk, (N. Lat. 62 ° , E. Eong.

34°). The highest magnetic latitude of the NLK path, 70 °, is at Seattle, its terminus.

Worthy of note is the sensitive performance of the GBR circuit to the magnetic storm and espe-

cially to the very severe phase of the storm. Signal attenuation for the most part cut out our signal

from NAA, except at the height of the storm, and the NLK path did show the disturbance but not spec-

tacularly. The GBR circuit shows an SPA-like advance of 30 degrees, beginning March 7 at 2008 UT,

ending at 2100 UT and with maximum at 2019 UT. The amplitude correlates negatively. The maximum

was two minutes later than the 2.4 dB maximum in riometer absorption reported by Shepherd Bay.

The severely disturbed geomagnetic field began March 8 at 1418 UT. Vela low energy proton

counts reached a maximum March 8 at 1617 UT. Figure 5 shows that by 1440 UT the phase trace of the

GBR circuit was definitely advancing, peaking at 1615 UT and at 1840 UT. There is negative corre-

lation with the amplitude trace. The sharp advance to a pre-maxlmum at 1458 UT may be related to

Thule's maximum riometer absorption, 5.9 dB, at 1455 UT. NLK's advance shows much the same as a

typical SPA, with start at 1550 UT, end at 1640 UT and maximum of 50 ° at 1620 UT. This maximum

nearly coincided with the maximum of Vela low energy proton counts at 16]_7 UT after which the count-

ing rate began declining. The dotted lines on Figure 5 indicate the normal direction of the phase

traces for the three circuits. The added advance on the GBR trace, u_bcnding sharply at 1820 UT _nd

maxing at 1837 UT is reflected in d_e more gradual advance of the NLK trace, shown to begin about

1845 UT at the latest. The advance of GBR at 1837 UT reached 144 ° or minus 25 micro-seconds. NAA

showed some disturbance, an advance of 72°, beginning March 8 at 1628 UT, ending at 1900 UT and

maximizing at 1715 UT. The local circuits seem to respond to the particles which cause both polar

cap absorptions as well as the lowering of the ionospheric side of the VLF wave guide.

Figure 6 has been constructed with nine days of data from the phase trace of the GBR circuit.

The first three days, March 3, 4 and 5, have been used to establish a norm, much in the manner of

Potemra et al. [1959]. The points have been chosen from the base ].Jne in the ease of an obvious

SPA. The r_ean of the hourly vnlues for the.,_e days has been established and then a five hour running

mean used to give the sinusoidal curves used as reference. Hourly w_lues fo_- the days from the 6th

to the llth were then graphed with a horizontal time scale, and smoothed out with a solid line.
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Fig. 5. Tile VLF circuits, at time of the most severe part of the magnetic storm, March 8,

1430 UT to 2100 UT; top to bottom: GBR amplitude, phase of GBR, of NLK and of NAA.

All paths are to Manila.

Tim norm appears as a series of X's. The Kp daily sums of the three-hour Kp indices for the 3rd

through the llth are 23+, 24+, 20, 29-, 37, 53-, 36+, 13-, and 5+. The days which have a higher

index than the norm tend to advance in phase, while the days with lower index than that here taken

as an average, on the Kp scale, tend to fall below the average in phase. The same conclusion would

hold for the Ap indices. As the magnetic index changes so inversely does the height of the upper

side of the wave guide, especially for the GBR path. The end of the severe part of the magnetic

storm, about March 9, 0700 UT is reflected in the curve of Figure 6.

Conclusion

This study shows that not only the transpolar VLF paths, but those which pass under the polar

cap for a substantial part of their length, should be monitored for confirmation of Polar Cap

Absorption. Though central meridian passages of regions with flares of importance three correlate

well with geomagnetic storms, [Smith m_d Smith, 1963] the flare of March 7, 0130 UT treated in

the study, does not seem suflicient of itself to produce the observed intensity of the magnetic

storm. Undoubtedly a congeries of events determined that the path of the particles to the earth
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should be so unobstructed. The whole picture will be clarified by the many contributions Jn this

UAG report and by studies certain to follow.
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Fig. 6. Phase traces (solid line) of GBR - Manila VLF circuit March 6 to March II, 1970

compared to the smoothed averaged (x x x x) of March 3 to March 5, 1970. Days

with higher Kp values than the average are advanced and these with lower values

are retarded in phase.
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"HishVelocity Mass-EOection Evidence Related to a Solar Flare of March 81L______970"

by

Marta Rovira, Marcos Machado and llugo Grossi Gallegos

Observatorio Nacional de Fisica Cosmica

San Migue], Argentina

Mass motion in the solar atmosphere can be analyzed by means of off-band filtergrams taken

systematically. On our flareapatrol material at San Miguel's Observatory, we can get filtcr_rams

at the center and both sides of Ha 5y using a line-shifter mechanism. This mechanism has been

installed on a 140 mm aperture telescope (SECASI) which takes one photograph every 15 seconds.

One of the main investigating subjects on our work is to analyze motions in dark features

recorded on our films. The phenomena that we are considering here may be observed on the film of

Harch 8, 1970, and can be described as follows. Figure 1 shows a dark filament at it's maximum

visibility in the center of Ha at 1408 UT. Figure 2 shows the development of this filament in the

center of Ha and in the violet and red wings.

a)

b)

in the first series of photographs, taken at 1335 lIT, the presence o£ a dark conden-

sation near the active zone can be seen.

1357 UT: We can see now enhanced evidence of a mass condensation constituting a dark

filament which traverses the flare, and reaches near the West limb. One may not de-

termine a general movement of the dark feature as it can be seen on both sides of H_;

but it is evident that the violet wing is preponderant.

c) 1400 UT: Note the definite enhancement of the violet i,nage, as an evidence of the

ascending movement of the material.

d) 1430 UT: The fourth series of photographs shows that the dark filament has disappear_:d

as it has been ejected to the upper zones of the solar corona. This has been suggested

by the ascending movement noticeable on the previous series o£ photos.

A further evidence of the mass ejection is given by the 73 cm registered band obtained with tile solar

radiotelescope of San Migue!'s Observatery, showing a _-c;:th of the integrated flux coinci_ept ,:_tb

the optical evidence of this phenomenon. This can be taken as another evidence, considering the re-

sults obtained by Westin and Liszka [1970], that shows a high percentage of coincidences bet_,een thi_

kind of mass-ejection and radiation in metric and centimetric waves.
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Fig. i. Filament at center of He March 8, 1970 at 1408 UT.
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"I_ortance 2 active prominenees at limb observed at

Catania Astrophysical Observatory on March 8, 1970"

by

G. Godoli, O. Morgante and M. L. Sturiale

Osservatorio Astrofisico di Catania

Universita di Catania

Consiglio Nazionale delle Ricerche

_.L at $40 E90

, At tile beginning of the observations on March 8_ 0720 UT a quiescent prominence was observed

z_- S._O E90.

At 1125 UT the prominence started developing rapidly and subsequently the phenomenon was fol-

lowed continuously up to its disappearance.

Pictures showing some phases of the active prominence are given in Figure I.

The first picture shows the quiescent prominence at 0720 UT. From 1125 to 1142 UT morphologi-

cal cimnges are visible but the prominence can be considered as a whole. Between 1142 and 1145 UT

the object breaks in two parts: one of these is moving southwards as a suspended prominence, the

other part keeps steady with quite unchanged shape. It must be pointed out that the shape of this

qu]e._cent part is similar to the previous prominence, before its activation, as is shown from the

t_#o pictures of 0720 and 1200 UT.

The disappearance of the suspeuded part of the prominence was observed at 1200 UT. The event

h,_s been classified as importance 2.

In Figures 2 and 3 radial and tangential distances of the lowest south point of the detached

promiuence have been plotted versus time.

Both Figures 2 and 3 show that, at the time when the active prominence detaches, the curves

be:came steeper.

This fact shows that the velocity of the suspended prominence _.,as.greate_ than the velocity of

the whole prominence before its breaking up.

BSL at N_3 W90

Oa March 8 a BSL was observed at N43 W90 in a place where no activity had been visible in the

preceding days.

Phases of the surge are shown at the bottom of Figure i. For this event, drawings are given

instead of pictures for the brightness of the surge was too low to permit the printing of filter-

gr_ims.

The phenomenon was visible from 1440 to 1453 UT and it has been classified as importance 2.
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3. SOLAR RADIO PIIENOMENA

"Summar_ of Worldwide Outstanding Solar Radio Enlission Events - Fixed Frequency and Spectral"

by

Hope I. Leighton and J. Virginia Lincoln

Aeronomy and Space Data Center

National Oceanic and Atmospheric Administration, Boulder, Colorado

The tables are reprinted from "Solar-Geophysical Data". The outstanding events from the world-

wide observatories reporting to World Data Center A are presented for March 6-8, 1970. The station

abbreviations are explained in the table below.

Code

Name

ABST

ARCE

BERL

BORD

BOUL

CRIM

GORK

HAP, S

HIRA

HUAN

IRKU

IZMI

KIEL

KIEV

KISV

KODA

MANI

MCMA

NERA

NEUS

ONDR

OTTA

PEN_

PENT

POTS

SANM

SAOP

SLOU

SGM_

TOKO

"IKbl

T_KW

UCCL

VORO

BOUL

CULG

HARV

S_m

WEJS

Station Alternate

Nam_

Abastumani

Arcetri

Berlin-Adlershof

Bordeaux

Boulder

Simferopol

Gorky

Harestua

}{iraiso

}{uaneayo

Irkutsk

Moscow IZMiRAN

Kiel

Kiev

Kislovodsk

Kodaikanal

Manila

McMath-Hulbert

Nederhorst

Neustrelitz

Ondrejov

Ottawa ARO

Penn. State Univ.

Penticton

Potsdam

San Miguel

Sao Pauio

Slough

Sagamore Hill

Tokyo

Trieste

Toyokawa

Uccle

Voroshilov

Fixed Frequencies

Floriac

Crimea

Zimenki

Blindern

Siberian IZMIR

Krasnaja Pakhra

Algonquin

Tremsdorf

AFCRL

Mitaka

Bumain

Ussurisk

Boulder (U. of Colo.)

Cu] goora (C.S.I.R. 0.)

Fort Davis

S_g3_:orc Hi]l (A.F.C.R.L.)

Weisscnuu

Spectral

Geographic

Lat Long

42N 43E

44N liE

52N 13E

44N 01W

40N 105W

44N

56N

60N

36N

12S

52N

55N

54N

50N

43N

I0N

!4N

42N

52N

53N

49N

45N

4 IN

49N

52N

34S

22S

51N

42N

35N

46N

34N

50N

43N

40N

30S

31N

42N

48N

34E

44E

IOE

140},]

75W

104E

37E

10E

30E

42E

77E

121E

83W

05E

13E

14E

78W

78W

llgW

13E

58W

46W

00E

72W

139E

14E

137E

04E

132E

105W

150E

104W

71W

10E

Frequencies

Reported (_z)

221

9285, 1420

9489, 2920_ 1470

930

18 (Univ. of Colo.)

184 (ESSA)

3100

9100, 3800, 2950, 650,

200, 100

225

500, 200

9400

9570

202

1420, 420, 240

204

15000, 6100

i00

8800, 4995, 2695, 1415

18

9500, 3000, 610, 200

9139, 1490

9400, 808, 536, 260

2800

10700, 2700, 960, 328

2695

234, ]ii, 23

408

7000

71000, 19000, 2800

35000, 15400, 8800, 4995,

2695, 1415, 606, 245

17000, 612

239

9400, 3750, 2000_ I000

600

2O8

7.6-80

8-222

]0-580

19-41

30-1000

4 3



WAR

9_0 FREQUENCY STATION TYPE

5 _ 600 UCCL 20

--9500 BERL 46

-- 4995 _GMR

-- 3000 KERA 45

-- 2950 GORK 3

-- 1500 NEUS 4

--1415 SGMR 4

-- 950 GORK 1

-- 245 SGMR 6

-- 237 TRST 42

--2800 SLOU 4

--2695 SGMR 4
-- 650 GORK i

--9400 SLOU 4

111 PUTS 45

E 100 GORK 41
408 SANM 42

2800 OTTA 21

2600 OTTA 4
2800 OTTA 20

l 600 U(CL 3

l 2800 OTTA 8

J 237 _RST 41

J 536 ONDR 45
• 2800 OTTA I

408 SANM 3

-- 2700 PENN 24

-I0700 PENN 24

-- 9400 HUAN 21

-- 9_00 HUAN 45

-- 9400 HUAN 45

-- 2600 OTTA 24

-I0700 PENN 3

-- 960 PENN 8

--280OOITA[4 i-- 3000 NERA

--2?00 PENN

408 SANM 3

2800 OTTA 20

2800 OTTA 21

_15400 SGMR 1

-10700 PENN 3

-- 9400 HDAN 45

-- 9400 HUAll 45

--8800 SOMR 45

--4995 5GMR 45

-- 2800 OTTA 2

T 2700 PENN 3
--2695 SEMR 3

-- 9400 HUAN 29

-- 8800 SGMR 29

-- 4995 SGMR 29

2695 PENT _20

6 -- 3750 TKYW 5

L SOoO IKYW 5
3750 TKYW 5

3750 TKYW 29

3750 TKYW 5

3750 TKYW 5

100 GORK 44

I00 OORK 6
_3750 TKYW 5

--2000 TKYW 5

100 GORK 41r-

L 100 HIRA 45

I00 GSRK 4]

3000 NERA 45

2800 SLOU 4

2695 MANI 4
_lOf_ tRIM 3

L316o tRiM 3

F 600 UCCL 2

_-3100 CRIM 29

'---3000 NERA204 KIEV 4

E 221 ABST
1OO GORK 6

I!_ 100 GORK 6

606 MANI

8800 MANI 4

2o9:: M_':! 3

1_15 _-' _N 1 3

if
V

P_IS ,q

202 , z,.,]

SOI.AR RADIO EMISSION

OUTSTANDaNG OCCURRENCI:S

.%!ARCIt

STARTING TIME OF

TIME MAXLMUN

UT UI

1!58.5 1201.5

I158.8 1201.5

1158.8 1201,5

1158.1 ]201,6

1158.3 1201- "

1158o5 1201.8

1158.9 1201,6

1159,6 1201.8

1159,2 1200,6

1159.6 1200,6

1159 ]201,5

1159 1201,6

1200.9 1201.8

1200 1201

1203 U 1254

1208,3 1209.6

1254,6 I?_9

1305 1415

1318 1324.7

1320 1345

1350,5

1417 1417,1

1445.5 1445.8

1450 IZ50.5

1657.9 1458.1

1555.3 1556,7

1609 2037.4

1616,6 1929,2

1617.6 1842.6

1618.1 1621".3

1615.] 1622.1

1618

1620,6 1621.4

1621.4 1621.4

1621 1625,7

1625,6 ]625.8

1625,6 1625.8

1645,7 1645.8

165_ E 1700

1830 1925

1908o9 1911

1908,5 1909,4

1908,2 1909,4

1906.2 1911

1908.5 ]911

1908,4 1911

1908,7 1911

1908.4 ]910.9

1908,8 1911

1911.5 1911,5

1913,7 1913,7

1914 1914

2035 2037

0234 0234.9

0234 0234.9

0237 0238.3

0241

0413,5 0414.3

0436 0438.3

0520 E

0540.4 0540.2U

0540 0547

0546 0548

0643,1 0644.5U

0643,5 0644

0715.4 0717.5

0745 0746,6

0745,3 0746,5

0745,9 0746,3

0766

0746 0747

0748.5

0748 0756

0753 0757

0755 1035

0758.3 0856.3

0758.4 0759.2U

0845 0845.4

0851 0851.3

0851 0851.3

0851 0851.3

0851 0851.3

0851 0851._

0854,5 ('857,8

l 08!,_,3 0856.4

0856._ 0o56,5

0856,1 085fl.fl

0900

0922 0939.7U

197U

0 JRATION

MINUTES

7.3

19

4.9

_.9

2,1

10°9

8

5,5

3.2

2.5

62.5

tO0

14

35

I

.5

,6

2

.7

1.7

_61,1

11.2

3

8.2

.i

5

.3

,4

,5

30 D

115

2.9

4.5

3.3

5,2

5.6

5

7.8

5

70.2

51,3

51.1

15

2

3

4

45

1.5

9

220

.8

30

]0

7

1,5

4

2,6

1.7

1.6

32

2.8

30

27

255 D

61.3

1.3

.5

.8

.B

.8

.8

.8

3.4

. L,

.z

1

180

30

4 4

FLUX OENSRY

I0+_ _m-2 HZ "I

PEAK MEAN

4,0

14,0

56.0

64.0

23-0

27,0

25,6

5,4

69-0

175.0

56,0

59.0

.9

24.O

160.OU

90.0

260.0

16,0

84.0

2.8

112.0

7°6

220,0

115.0

2.4

118.0

31.0

19.5

11-2

16.8

2_.3

6.2

19.7

16,7

25.0

23.0

28,5

820,0

2.8

5.0

6.5

19.7

18,7

22.4

35.1

155.0

8.8

12.2

9.3

15.0

13.3

15.0

2.2

8.0

2.0

11.0

3-0

2.0

6.0

40.OD

6,0

2.0

I000.0

390.0

125.0

90.0

142.0

88.0

41.0

5,0

14.0

I],0

I00,0D

29.0

120.00

130.0

15.8

15.1

24.0

14,6

10.6

800.0

_0.0

I00,0

200.0

lZ_0.0

lO.O

_.__.

i

_T

2.0

3.8

23.5

20.0

8.6

4,4

13.4

2.2

35.0

27.3

0.4

25.5

4.6

14.0

1.4

40.0

1,2

33.5

7.5

i0.i

5.1

13.0

9,0

260.0

2.5

3.3

9,3

9,7

19.4

72,0

4,4

4.9

4,7

11,2

6,7

7.5

I.I

3.0

1.0

5.0

1.0

1.0

2.0

5.0

2.0

1,0

I00,0

45.0

41.8

13.0

5.0

6.0

23,0

2.0

30.0

6.3

7.5

9.0

6.3

3.4

16.0

15.0

35.0

RENARI_S



WAR

1910 FREQUENCY STATION TYPE

L
6 -- 202 IZMI

-- 6995 NANI

--3000 NERA

-- 2950 GORK

-- 2950 GORK

--2800 SLOU

--2695 MAN!

-- 1500 NEUS

-- 1500 NEU6

--1415 MANI

-- 950 GORK

-- 650 GORK

-- 600 UCCL

-- 9500 8ERL

-- 9600 SLOU

-- 9100 GORK

-- 3100 CRIM

-- 111 POTS

-- 111"POTS

-- i11 POTS

-- 237 TRST

-- 600 UCCL

--3100 CRIM
3100 CRIM

-- 606 SGMR

-- 600 UCCL

-- 536 ONDR

-- 408 SANM

-- 260 ONDR

-- 3000 NERA

--1500 NEUS

-- 23 POTS

-- 9600 HUAN

-- 4995 SGMR

-- 3OO0 NERA

--2800 SLOU

--2700 PENN

--2695 SGMR

-- 1415 SGMR

-15400 SGMR

-8800 SGMR

-- 2_5 SGMR

-]0700 PENN

-- 606 SGMR

-- 9500 BERL

-- 9400 HUAN

-- 4995 SGMR

-- 2695 SGMR

--1500 NEUS

--1615 SGMR

I 960 PENN

600 UCCL

9500 NERA

9600 SLOU
8800 SGMR

9400 HUAN
3000 NERA

245 SGMR

234 POTS

225 HARS

-- 200 NERA

--1500 NEUS

-- 3000 NERA

--9500 BERL

-- 111 POTS

-- 23 POTS

606 SGMR

-- 600 UCCL

-- 245 SGMR

-- 237 TRST

2600 OTIA

2800 OTTA

--- 606 SGMR

-- 265 SGMR

--2700 PENN
2800 OTTA

I00 HIRA

100 HIRA

7 _ 606 MANI

_--2695 NANI

_-1615 MANI

--- 200 HIRA

-- 208 VORO

L_ 100 HIRA

[--1615 HANI

_- I00 HIRA

I-- 605 MAN!
i- 500 HIRA

- 208 VORO

6

4

65

45

67

z+

66

66

4

40

40

22

22

45

I

3

60

45

40

5

8

65

60

4

65

27

61

5

20

_0

28

23

65

3

3

23

21

20

21

6

,3

46

3

3

3

3

3

3

i

2

I-'0

3

3

29 i

29

20 i

65 J
65 [
27 _
20

5

20

_0

60

3

3

7

61

20

20

i

6

26

20

65

64

1

3

1

65

a0

45

46

45

66

_5

65!

SOLAR RAI)IO F_l'_'clt_\'

OUTSTAND!NG OCCURRENCES

.MARCH Iq_70

I

SIARTINGI liME OF

T+ME I MAXIMUM

UT U1

0933.6 0936

0933.2 0933.9

0933.6 0936 '

0933,5 0934,2

0933.5 0934.9

0933,5 093_.2

0933,2 0933,9

0933,5 093_,3

0933,5 0961,3

0933.2 0934.3

0934 0961.2

0934 0935.3

0936 0942

0934 0934.2

093_ 0934oI

093_oi 093&.3

0934

0935.6 0935.7

1013 U I022,6U

1013o9 1016.6

1015°i 1015.2

1016.8

1019 1021

1019 1026

1200.9 1211.2

1200 1212

1205 1301,5

1205 1213

1220 1232.5

1221,8 122_.5

1221,5 1229

1247,9 1248

1317.2 1323,9

1318o5 132Y.7

1318o5 1319.6

1318.4 1324.6

1318,5 1326,9

_319 1326°5

1319,5 1326,5

1320.3 1324,8

1320.8 1326,6

1322,8 t323.3

1323,9 1324,8

1323,2 1324°3

1323,5 1324.8

1323.9 1326.7

1323,6 ]324.8

1323,9 132_.7

1523.3 1326,8

1323.8 1326.6

)324 1324,9

]324.3 1326.5

]326,2 1326.9

1324.8 1325¢7

1326.1 1326,8

1325,5 1325.5

1327

1338,T 1406

1338 1400

1340 1405

1356.2 I_06.5

1606.5 1620.5

I_05 1615

1419,5E 1619.5

1460.7 1469.7

1660,7 I_69,8

1449.1 1649,2

1449°2

1449oi 1449,8

1449.2 1449°7

1720 1735

1825 1832

1836.7 1838

1836.9 1839,8

1905 2030

1910 1918

2109,5 2110.5

2263 0100

0050.9 0051

0050.9 0051

0050.9 0051

0115,5 0120

0116 0122

0116

0138,6 C!44.3

0139.5

0141,5 014_.3

01_:i 01_8

0141 0145

DURATION

MINUTES

4.5

3.5

11.5

3.6

8.3

3.5

9

9

3.5

7,9

9

35

2.5

1

3.2

11

1.5

119 u

6°1

,2

.6

17

26,i

27,5

22

25

37

20

21,5

1.3

6.7

31.8

8.5

11.7

16.6

12,1

12,1

8,2

16.5

1

9,7

2.5

ii

1.6

4,I

2.6

17,2

2,7

7,_

1

8

8

2.5

55,2

8

54.1

53 U

50

24

38.5U

30

9

9.5

.8

.4

1°2

,9

50

20

3,4

20

2

.2

*2

.2

8

7

7

22.9

25°5

21

]9

45

FLUX DENSITY

10-22Wm-Z H -I

PEAK _ "EAN
I

30.0 ]

92,0 :

725,0

120,0

64,0

750,0

I140°0

30.9

33.0

26,4

4,0

6,6

7.0

4,9

25.6

15.0

100.00

2800.0

200,0

I000.0

155.0

122.0

39,0

58,0

91°0

90.0

120°0

34,5

60.0

I0,0

3.6

4000.0

7,5

15.4

90.0

76,0

85.5

7°3

6,5 i26.3

8.0

135.0

39.7

60,3

39.0

58.1

130.0

56.0

34.0

37.8

7,9

12.0

12,0

84.0

46.0 23,0

16,9 5.0

I0.0 5.0

II0,0 55,0

50,OU

120,0 60.0

130.0 80.0

6,3 [II,0 5.0

5.2

1800.0 i 6.0

4000.0 55.0

16.7 7.3

18,0 6.0

290.0 7,0

1400.0

2,2 I.i

2,8 I,4

!,2 .6

92,0 7°2

12.9

3.2 1,6

330.0D 60*00

3,2 1,1

10.1 6,0

4,1 1.4

380.0 30,0

192.0

340,0D 60°00

69C.0 307,0

360,0D 157.00

i Ol..O 49._,

110°0 25.0

360.0 200.0

20.0

42,0

225.0

215,0

11.9

2,0

3*0

4.0

150.0

60.0

50.0

40.0

60.0

30,0

90,0

25,0

13.0

5.0

2._

800.0

3,7

6.6

20,0

10,1

3.5

2°9

11.8

3,9

18,0

8,4

18.0

8,3

24.9

65,0

2B.O

4°3

18,9

2.3

6°0

INT

I

I

I
!

REMARL _

PERCEN1 ItIC.



SOLAR P,ADIO EMISSION

OUISTANDING OCCURRENCES

MAR

1910

7

FREQUENCY STATION TYPE

-- 200 HIRA

-- 5750 TKYW

--3750 TKYW

--2000 TKYW

---9400 TKyW

--9400 TKYW

--8800 MANI

---4995 MANI

--2695 MANI

--9400 7KYW

--3750 TKYW

-- 612 TOKO

--]000 TKYW

--3750 7KyW

-- 3750 TKYW

-- 4995 MANI

-- 2695 MANI

-- 9400 TKYW

-- 3750 TKYW

-- 1415 MANI

-- 9400 TKYW

-- 2000 TKYW

-- 9400 7KYW

-- 3750 TKYW

-- 2000 7KYW

-- 100 GORK

-- I00 GORK

-- 650 GORK

-- 221 ABST

-- 950 GORK

-- 650 GORK

-- 100 GORK

-- 100 GORK

-- 3100 GRIM

-- 3100 GRIM

-- 9400 TKYW

-- 3750 TKYW

--2000 TKyW

-- 100 GORK

100 GORK
950 6ORK

[-- 111 POTS
100 GORK

[-- 23 POTS
100 60RK

-- 237 TRS]

-- 234 POTS

-- 202 IZMl

-- 200 HIRA

-- 200 NERA

-- 111 POTS

-- 100 MIRA

-- 950 GORK

-- 950 GORK

-- 650 GORK

-- 650 GORK

-- 610 NERA

-- 100 GORK

-- 606 MANI

-- 600 UCCL

-- 500 HIRA

-- 23 POTS

--4995 NANI

--3750 TKYW

---3000 NERA

--2950 GORK

--2695 MANI

--2000 TKYW

--1500 NEUS

--1415 MANI"

--1000 TKYW

--3100 CR;_

100 GORK

-- 950 GORK

-- 234 POTS

-- 202 IZMl

-- lll POTS

-- To0 GORK

-- I00 HIRA

-- 23 POTS

-- 1500 NEUS

-- 1500 NEUS

-- 1500 NEUS

-- 950 GORK

-- 650 GORK

-- 202 IgMI

-- 200 NfRA

-- 600 UCCL

-- 100 GORK

-- 950 GORK

45

45

5

45

45

5

22

4

4

5

45

45

45

5

45

29

29

5

5

29

5

29

45

5

5

44

48

3

1

]

41

20

20

5

5

5

6

6

2

45

48

5

6

41

45

48

45

45

45

45

46

46

45

48

4

z.

45

45

4

45

45

40

4

45

46

4

45

44

]

40

6

40

48

45

40

1

1

1

]

1

6

40

6

l

I
I

MARCH I')70

STARTING TIME OF

TIME MAXIMUM

UT UT

0141 O]A4

0141 0145,2
0141 0155

0141 0145.2

0142 0158

0142 0155

0142.2 0158,2

0142.2 0144,4

0142.2 0144,4

0143 0145

0143 0145,2

0145o7 0148

0145 0155.2

0147 0148.2

0150 0152.8

0154.6 0154.6

0154.6 0154.6

0157.5 0158

0158 0158.3

0201.5 020i.5

0209 0209.3

0211

0255 0258

0255 0300

0255 0305

0551

0551 0555.2

0552.3 0552,4

0600 0722,3

0607.3 0607._

0607.3 0607.9

0607.2 _60_' U

0607.2 0612.3

0608

0608 0636

0610 0635

0610 0635

0610 0635

0633,5 0635.1U

0645.1 0645,8U

0646._ 06_6.6

0656.3 0658.2

0656.4 0658.8

0707.7 0707.8

0708.2 0708.3

0720.7 0723.8

0720.8 0723.8

0720 0722,3

0720 0722

0720,3 0722

0720.2 0722.5

0720 0723

0721.9 0722.6

0721.9 0722.8

0721.9 0722.5

0721.9 0724.1

0721.5 0724

0721 0723.5

0722 0723,9

0722 0724

0722.1 0724

0722,1 0722,8

0722 0723.9

0722 0722,3

0722 0723°9

0722,2 0724,1

0722 0722.3

0722 0723.8

0722 0724

0722 0722,3

0722 0722,3

0723 0724

0736

0816.8 0817,1

0816 0826.1

0816.8 0817.2

0816 0826.1

0816 08]7

0816 08_8

0816.2 0817.3

0817 E 0817

0819 E 0819

0823.8E 0823.8

0825.9 0826.1

0825.6 0826.1

0825.4 0826.1

0925.8 0826.1

0833.3 (>839,8

0833,3 083t+,8

0834.4 083,.7

21

135

135

3O

135

135

43

12.4

12.4

4

4

5.5

2O

3

5

62.9

62.9

1

2

56

]

llO

25

25

25

69

2.3

.7

180

.3

1.7

5.6

112

112

70

7O

70

1.9

.9

.6

2.7

3.4

.6

1

4.2

3.7

4.8

5

4.7

4.6

5.5

2.8

3.1

3

4.7

5

3

2.5

3.8

5

3

2.1

2.4

5

3

9 U

5

3

2

220 D

.6

18.6

2

24.8

3,5

5

24.5

.7

1.8

1.2

.6

]l

1.7

.b

46

FLUX D[_S_IY

102_ Win-2 Hz "I

PEAK WEAN

2100.0 50.0

73.0 12.0

30.0 II.0

410.0 40.0

45.0 14.0

40,0 13.0

60.0 27.9

87.0 40.6

119.0 56.0

20,0 8.0

55.0 23.0

67.0

116.0 40.0

5.0 2.0

6.0 4.0

43.7 18.7

30.2 14,l

5.0 2.0

6.0 2.0

6.9 2,7

2.0 1.0

9.0 5_0

5.0 2.0

2,0 1.0

2.0 1.0

5.0

1400.0

16,0 8.0

41.0

4.9 2.4

1,6 0,7

40.00

40.0

49.0 15.0

8,0 4.0

9.0 4.0

5.0 3.0

50,OD

40,OD

3.5 1.4

200,0 lO,O

1800.0

4000.0 1500.D

50.0

420.0

200.0 I0.0

800.0 350.0

610.0 45.0

575.0 250.0

1200.0 120.0

450.0D 130.0D

70.0

46.0

39.0

46.0D

140.0 25.0

20000.0

172.0 55.0

81.0 25.0

150.0 25.0

25000.0 3000.0

9.6 3.2

I0.0 3.0

17,0 6.0

13,0

16,1 8,0

75.0 10.0

154.0

226,0 54.0

120.0 15=0

49.0 12.0

10.0

9.2 5.6

175.0 I.OE

1]00.0 600.0

1400.0 20.0

1300,0

450,00 IlO.OD

4000.0 I00.0

3.1

2.2

1.3

3,2 1.4

2.0

150.0 30.0

_00.0 200.0

27,0 5,0

1600.0

1.4 0.7

INT REMAR_S
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WAR

1810 FREQUENCY S'IAIION

-- 650 GORK

-- 650 GORK

--1500 NEUS

-- 950 GORK

-- 606 MANI

--4995 MANI

--2695 MANI

--1415 _ANI

-- 950 GORK

--2950 GORK

--1500 NEUS

20_ KIEV

-- 650 GORK

-- 600 UCCL

-- 111 POTS

-- 23 PoTS

-- 650 GORK

E 950 GORK650 GORK

100 GORK

950 GORK

600 UCCL

100 GORK

650 GORK

111 POTS

-- 600 UCCL

--1500 NEUS

--3000 NERA

-- 245 SG_R

--2800 SLOU

-- 9500 BERL

--9500 NERA

3000 NERA

9_O0 SLOU

9400 SLOU
9500 NERA

1500 NEUS

240 KIEL

23 POTS

_5 POTS

--9500 NERA

--2800 OTTA

--3000 NERA

--4995 SGMR

--2695 SGMR

--]_15 SGMR

-15400 SGMR

-- 606 SGMR

--8800 SG_R

--2800 SLOU

--2800 OTTA

--9500 NERA

--9400 SLOU

--5000 NERA

-- 600 UCCL

--9500 NERA

-- 8800 SGMR

-- 4995 SGMR

--3000 NERA

-1540O SGMR

-- 1415 SGMR

--2695 SGMR

200 NERA

600 UCCL

606sGMR

5750 TKYW
2000 TKYW

F-�&O0 TKYW
3750 TK'_W

--3750 TKyw

--9400 TK_W

-- 3750 TKYW

-- 3750 TKYW

--2000 TKYW

-- 9400 TKYW

--9400 TKYW

-- 3750 IKYW

--9400 TKYW

•--3750 TKYW

9400 TKYW

9400 TKYW

-- 221 _BST

-- 100 GORK

-- I00 G©RK

-- IDO GGRK

-- I00 GORK

-- 200 HIRA

-- 111 POTS

-- 100 HIRA

TYPE

41

2

1

4

4

2

&

4

]

2

4_

3

41

45

45

3

1

1

24

40

4

6

4

_5

4

20

27

44

20

21

5

45

21

3

5

20

4z,

5

5

5

21

28

4

4

4

3

4

3

4

45

3

45

2

29

29

29

29

29

29

29

40

3

4

5

45

5

5

5

5

5

5

5

5

5

5

5

5

5

5

4_

24

4_

45

_5

45

SOLAR RADIO E_IlSSION

OUTSTANDING OCCURRE_CES

MARCH 1970

STARTING IIWE OF DURATION fLUX DENS!IY
TINE WAXIWUW 10"2_m "2 Hz "I

UT UI WINUTES PEA_ WEAN

0834.1 0837.2 6.5 8.7

0834,1 0839,8 19,0

0836,6E 08_6,6 3,5

0837,1 0837.2 ._ 3,5 1.7

0838.5 083q.7 3 21.8 10.9

0838.5 0838.9 3 9.6 3.2

0838.5 0838,9 3 6.0 2.0

0838,5 08_Q,7 9 8.0 2,7

0839,3 0839,8 ,8 26-0 8,7

0839,6 0839.9 ,7 2,5

0859 0839,7 1 7.7 1,3

08_0 E Ii00 U 380 D 80,OD 91,0

0953,2 0953.8 .8 _,5

0953 0955 2.1 20.0 4,0

0953,3 0953.3 .6 300.0 40,0

0953°5 0953.6 ,5 1500.0 575.0

0954.9 0955 ,4 9,9

10_5.6 i045,7 ,3 7,0 3,5

I045,5 ]046.3 1.2 1.3 0,6

1045 30 D 200.0

1055.3 1056.1 2.5 6.9

1055.5 1056.5 1.3 12,0 3,0

1055.8 1056.4 1 800.0 200.0

i056,7 1058.3 3 8,6

1056 i056,1 ,3 300,0 75,0

1103,3 1103,6 3.5 12,0 2,0

1104.5 1190.5 66 2,8 1.3

III0 1129.2 65 20,0 10,0

1115 E 240 D

1117 I12_,8 53 173.0

]121.5 1126.3 41,5 30,0 7.5

1121,8 1127.3 9.5 11,0 5.0

1121.9 1124 6,3 23.0 13.0

1122 1129 42 8,0

l12& 1126 _ 54.0

1125 I126,4 ,7 I0.0 5.0

1217,5 1230,5 20 2,6 1,3

131_6 E 1346 2000,0 20,0

1349.3 13_9.5 ,7 6000.0 2000,0

1408,2 1408,& .5 1500.0 500.0

15_8.8 1549.3 1.2 13,0 6,0

1550 1615 60 D 24.0

1555 I0 22,0 10*0

1600.8 1606.6 8 145,0 70.0

1600.4 1606.7 9.6 II0,0 55,0

1600,5 1607.4 8,5 105.0 52.0

]502._ 1606,5 6.6 33,5 16,0

1602.9 ]607.8 7 8.1 4.0

1604,8 1606.5 3,7 59.0 28.0

1604 1606 6 II0-0

1604.5 1606,5 8 125.0 33.0

1605 1606,7 2.4 ]3,0 7,0

1605 1607 5 76.0U

1605 1606,9 3.3 ii0.0 55.0

1606,8 1607.5 ].8 lO.O 4,0

1607,4 40.5 11,0 6.0

1608.5 1608.5 21.5D 27.3 13.0

1608,8 1608.8 21,2D 50.0 25.0

1608,3 82 D 38,0

1609 1609 21 D 17*0 8,0

1609 1609 21 D 17,2 8,0

1610 1610 20 D 22.9 ii*0

1651.4 1653.1 12 900.0

1652.5 ,5 18.0

1731 1732,7 2.4 52,7 20.3

2347 2349 5 3,0 1*0

2348 2349 3 4.0 2.0

0037 0037,8 3" 6.0 2,0

0037 0037.8 6 3.0" 2.0

0!09 0120 3n 4-4, 2.0

0108 0109 I0 12,0 3,0

0108 0109 2 4.0 1.0

0150 015].2 6 5.0 2,0

0150 0151.3 6 3.0 1.0

0151 0151.2 1 2.0 1.0

0325 0326.2 3 5.0 2.0

0525 0326.4 4 5.0 2.0

0350,5 0351 9 13.0 3.0

0350.5 0351,2 9 a.O 1.0

04_7 0447.7 3 12.0 3.0

0510 0510.7 2 _,0 2.0

0600 0654.4 180 35.0

0630 330 D 25.0

05_5, 0752,8 120 2000.0

0657.8 0659,& 2_ 2500,0D

05_7._ 0659,9LJ 2500°0[)

0658 0659,8 2 230,0 45.0

0658 0659,9 2.9 _00.0 150.0

0658 0659 3 340.0D 60,OD

47 "

INT RENAR_S

PERCENT INC.

PERCENT INC.

PERCENT INC.

PERCENT INC.

PERCENT INC.
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1970

8 L_ 23 poTS

-- 950 GORK

-- 650 GORK

-- 606 MAN|

-- 600 uCCt

-- 500 HIRA

-- 237 TRST

-- 234 PoTS

-- 200 NERA

-- 4995 MAN|

--3750 TKYW

--2950 GORK

--2695 MANI

--2000 TKYW

--1415 MANI

--1000 TKYW

-- 20_ KIEV

-- 200 HIRA

-- 100 HIRA

-- 950 GORK

-- 650 GORK

-- 600 uCCL

-- 500 HIRA

--2950 GORK

2950 GORK

-- 9400 TKYW

-- 9100 GORK

--8_00 MANI

-- 4995 MANI

-- 3750 TKYW

-- 3000 NERA

--2950 GORK

--2695 MANI

111 POTS

111 POTS

23POTS

E 600 UCCL
]iI POTS

23 POTS

23 PoTS

-- 245 SGMR

-- 606 SGMR

-- 600 UCCL

--2800 OTTA

-- 808 ONDR

2800 OTTA

2700 PENN

_2695 PENT

2700 PENN

3750 TKYW

9400 TKYW

-- 612 TOKO

-- 606 MANI

-- 500 HIRA

-- 200 HIRA

-- I00 HIRA

-- 4995 MANI

-- 3750 TKYW

--2695 _ANI

-- 2000 TKYW

--1415 MANI

--1000 TKYW

-- 2000 TKYW

--9_OOTKYW

--3750 TKYW

200 HIRA

i00 GORK

--96()0 TKYW

-- 3750 TKY_

--2000 IKYW

I00 GORK

100 GORK

221ABST

200 HIRA
F-- 100 GORK

9500 _ERL

204 KIEV

20_ K|EV

260 ONOR
536 ONOR

To0 OORK

I00 GORK

4995 5GMR

3000 NERA

28_0017A

26_5 S_r,_R

! 9' (0 f_[RL

I 9 100 GOf_K8800 SGMR

!

[YPE

65

i

3

g

1

45

42

45

L. 5

3

3

5

1

5

44

45

45

1

3

1

45

1

1

5

1

4

3

5

5

3

4

4O

45

45

1

_5

45

4-0

6

22

22

20

45

20

24

2

8

5

5

_5

3

45

45

45

1

5

3

5

±

5
-5

5

5

45

6

45

5

5

6

6

45

6

3

48

6

45

5

6

6

3

5

3

3

21

1

1

/

/

SOLAR RADIO EMISSION
OUTSTANDING OCCURRENCES

MAI<C}I

STARTING lINE OF

lINE MAXI_UW

UT UT

0658.9 0659.9

0659.6 0700

0659.6 0700

0659,1 0700

065q.5 0659.7

0659.7 0659.7

0659.3 0700.2

0659.8 0659.8

0659.3 0659.9

0659.1 0700

0659,8 0700

0659.8 0700

0659.1 0700

0659.8 0700.I

0659.1 0700

0659,8 0700.i

0700 E 0730 U

0702.5 0703.5

0702.5

0703 0703,4

0703.3 0703.6

0703.4 0703.6

0703,5 0703,6

0703.3

0708.3 0708*9

0716 0716.5

0716.2 0716,7

0716 0716,6

0716 0716.6

0716 0716,7

0716.2 0716.5

0716.2 071_.6

0716 0716,6

1028.2 I028,2

1121.4 I121,8

12_0.8 1240.9

1309.8

1309.8 1310

1309.9 1310.1

1334 1334.9

1412 1438.3

1422.7 1485.2

]422.5 1435

I_28 1506

1429 I_30

1550 1620

1924 2109.3

2003.5 2004.5

2004.5 2004.5

0020 0104

02_0 0243.5

03_0,2 03_0.4

0340 03A0.6

0340 03_0.5

03_0.2 03_0.5

0340 0340.4

0340 0340,4

0340 0340.6

03_0 0340,8

0340 0360,8

03nO 0340.7

0340 0340,5

0415 0421

0416 0423

0416 0423

0526.5 0526.5

0526.7 0526.9

0530 0540

0530 0537

0530 0537

0532,8 0532.9

0554.1 0554.4U

0652.3 0655.4

0658 0701

0658.1 0701.5

0733.2E 0733.2

0827.9 0829.7

0911,9 0912.6

0930 0933

0933 0933

1024,_ 1025

1218,3 1218.5

1300.5 1301.6

1300 13C1.6

1300 1301.5

1300.5 1301.6

13,11.5[ 1301.5

1301.1 1301.9

1301.4 1301.6

1970

DURATIO_

M NUIES

2.3

1.2

1.3

3.4

.6

.3

5.5

.2

1.5

2°9

.6

,6

2°9

,6

2.9

°6

410

2

2

,9

1,4

.7

2

2.7

2.1

2

1.8

3.7

3°7

2

,8

1,2

3.2

8,9

,3

,4

.3

.3

.5

I°7

60%9

71.4

70

7O

3.5

120

1.5

.4

8O

I0

-6

2°5

1

°7

1

2.5

2

2°5

3

2.5

1o5

145

55

35

.5

.6

4O

4O

&O

.8

6

I0

5.6

3.2

,7

5

1

I

°5

4,3

3.4

3

4,3

1.7

3.9

48

FLUX DENSITY

10271m'2 Hz "1

PEAE MEAN

lOO00.OU IO00.OU

8.8 3.0

9.3

11.6 5,3

i0.0 5°0

70.0

2030.0

1200.0 250.0

250,0 85.0

9.5 3.2

I0.0 3.0

14,0 6.3

17.0 6.4

6.0 2.0

6,6 2,6

9.0 3.0

44.0 19.0

50,0 15.0

330.0D II0,0D

1.3 0,6

9,0

I0.0 5.0

20.0 5.0

3.2 2,5

4,4 2,2

15.0 3.0

23,0 9.0

7.9 3,9

25._ 9.5

75.0 ZO.O

18.0 9.0

26.0 6°5

8.2 _,1

200.0 2,0

200.0 30.0

2000.0 500.0

20.0 4.0

_000.0 500.0

_000.0 I000,0

3500.0 400.0

36.1 16°8

14*1 6.4

16,0

5.4 2.7

3.0

4.8 2,6

7.6

3.2 1.6

57.1

7.0 3,0

_.0 2,0

81,0

I04.0 32,7

540°0 240.0

60,0 20,0

340.00 IO0*OD

5-8 2.9

7.0 2,0

9.9 3.9

12.0 3.0

5.6 2°8

15.0 5.0

7.0 2,0

4.0 2.0

3,0 1.0

300,0 90.0

30.0D

5.0 3.0

4°0 2.0

7.0 2,O

zO.o

30,00

25,0 5.0

350.0 5.0

30.00

15.0

90,00

90,00

I00.0

95.0

20.0

30.0D

34.3 11.4

14.0 6.0

I0.0 4.8

7.5 2.8

6.2

13.0 4,0

6,4 1.5

INT REMARKS
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lIMES OF

WAR OBSERVATION
lgl0

STATION

SIART UT END UT

05 0000 0029 HARV

0000 0817 CULG
ICUL6

'HARV

ICULG

HARV

CULG

CULG

WEIS

0945 1633 WEIS

WEIS

WEIS

WEIS

1330 2400 HARV

WEIS

HARV

HARV

WEIS

ii00 2315 SGMR

HARV

HARV

SGMR

HARV

1712 2400 BOUL

BOUL

1948 2220 CULG

HARV

BOUL

BOUL

HARV

BOUL

HARV

BOUL

2225 2400 CULG

BOUL

BOUL

HARV

BOUL

BOUL

BOUL

06 0000 0817 CULO

0000 0030 HARv

CULG

HARV

0000 0104 BOUL

(ULG

CULG

0634 1639 WEIS

WEIS

WEIS

WEI5

WEI5
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ABSTRACT

Type I noise activity and its relation to energetic electrons from 1 to i0 March, 1970

are discussed by using the observational data on type I noise storms, flare occurrence and

solar cosmic rays. During the period mentioned above, there were two typical type I active

regions which were located above the active regions McMath Nos. 10607 and ]0618 (or 10614),

respectively. The interplanetary space, especially the near-by space of the sun, was im-

mer_;ed by solar cosmic ray protons which were seemingly generated by four proton flares

which successively occurred on 6 and 7 March.

It seems that two typical coronal magnetic streamers extended upward from the two type I

noise active regions mentioned above. It is estimated that enormous numbers of energetic elec-

trons were trapped along such streamers and were closely connected to the origin of highly

polarized visible continuum observed at the total eclipse on 7 March. Discussion is given on

a possibility of the generation of relativistic electrons within coronal streamers.

]:.rroduct ion

From ] to i0 March, 1970 there were _wo type I noise active regions associated with the active

regions McMath Nos. 10607 and 10618 (or 10614). This type I noise activity suggests that enormous

numbers of energetic electrons of kinetic energy i0 - i0 z kev are generated withJln such type I noise

active regions [e.g., Takakura, 1963; Kundu, 1965; Sakurai, 1970]. These energetic electrons are

thought of as being responsible for the emission of type I noise storms. In the period from 1 to

I0 ,'Mrch, 1970 it seemed that many energetic electrons therefore, existed within the active regions

_:cllath Nos. 10607 and i0618'(or 10614),

_ 6 and 7 March, 1970 solar proton flares occurred three or four times over the visible hemi--

_phere of the sun since the increase of solar cosmic ray flux (5 - i00 Mev) was observed by the

ATS-I satellite and the riometer (30 MHz) at Thule from 6 to i0 March [Solar-Geophysical Data, April,

1970].

The total eclipse of the sun on 7 March really occurred under such a situation as mentioned

above. The data on polarization observation at visible continuum [Saito, 1970] show that, in gen-

_ra], i_ighly polarized continuum is emitted from somewhere along the two streamers or more extend-

ing into the outer corona as shown in Fig. 1 and these streamers seem to be associated with the

type I noise active re_ions mentioned above. This polarized continuum may be interpreted as being

emitted by relativistic electrons. If this is the cas e, high energy electrons of wide energy range

from I0 key to !0 Bev would be required to be ambient in the outer solar corona, especially along

ti_e coronal streamers extending from somewhere above type I noise active regions.

In this paper, we will first consider some characteristics of type I noise activity associated

vlth the active regions McMath Nos. 10607, 10614 and 10618. Consideration will then be given on

the high energy particles in the solar outer corona and possSbility of generation of relativistic

_lectrons and their contribution to visible polarized continuum.

C_r_,-,,,_.e_o_ _ T .... r ._ n+1.o_ ^_,_,_e_o= ^_or4z_od wStb the Active Re_ions MeMath Nos. 10607

and 10618

Around 7 March, there were f'ive large active regions as seen on the solar disk. The active

rcglons Mc_lath Nos. 10607 and 10618 and/or 10614 were associated with type I noise activity. The

former and the latter were located in the northern and the southern hemisphere, respectively, as

,h_'.n_ Jn Fig. I. The result from the Nan_ay interferometric observation at 169 and 408 M]Iz is

',_'_-n_ in Fig. 2. It is clear from this figure that, at the frequency 169 >_Iz, the type I noise

_tlvity of the region McMath No. 10607 is much higher than that of the region McMath No. 10618.

'_h_. radio data at 200 _Iz (Hiraiso, Japan) and at 245 _N]z (AFCRL, Sagamore ]fill, U.S.A.) show

_h:_ '.h_,daily mean flux at metric _requency range decreased fr_m ] to l0 _arci_. This result is

,,i,_<_ iu Fig. 3 together with the daily occurrence number of solar flares, irrespective of import-

_'_, as'_ociated with the active region McMath No. 10607. The radio flux at metric frequency tends

_o decr_.ase with the decrease of flare occurrence at the region McMath No. 10607. This result

YAFA Assoclnte at University of Maryland
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Fig. i. The location of the active regions McMath Nos. 10607 and 10618 and their

relation to the coronal streamers. The direction of E-vector of visible

continuum at the total eclipse on 7 March, 1970 is shown.

suggests that main contribution on type I radio emission at metric frequency comes from the active

region McMath No. i0607 since most solar flares are followed by type I noise storm emission [e.g.,

Dodson, 1958; Le Sequeren, 1963].

In relation to radio continuum emission at decametric frequency range, we have analyzed the

data obtained by the Clark Lake Observatory, but unfortunately we are not able to say anything about

the position and the frequency range on the radio activity at decametric frequencies from 3 to 7 March

on account of the malfunction of the observing apparatus. However, it is certain that there appeared

radio continuum active regions at decametric frequencies if we refer to the observational data on

1 - 2 and 8 - i0, March. This radio activity seems to be associated with the two type I noise ac-

tive regions as shown in Fig. 2. According to our preliminary estimation, the positions of those

radio active regions at decametric frequencies are located, high above those at metric frequencies.

The height of the one of these radio active regions is about two solar radii above the active regions

McMath Nos. 10607 and 10614, in association with the activity of these active regions. It must be

remarked that type III r_dio bursts were often observed.

pooltlonIf we take account of these observational results, we can build a picture ou ......

structure of those type I noise active regions and their relation to the plage and sunspot active

regions. This picture thus derived is shown in Fig. 4. The one type I noise active region is lo-

cated above the region McMath No. 10607, whereas the other is over the regions McMath Nos. 10614

and 10618. The active region McMath No. 10614 a]so seems to be responsible for the formation of

the latter radio active region because its flare activity is much higher than that for the region

McMath No. 10618.

As is seen in Fig. 5, from ] to 10, March, many solar flares occurred in association with the

passage of the active regions mentioI_ed a|)ove on the solar disk, (hl the middle of 7th Harch, lhc

active regions McMati_ Nos. 10607, 10614 and ]0618 were respectively located around 30 °- 40°W,

around the central meridian and 40 ° to 50°E in heiiographic longitude. The patterns of their mag--

netic configuration were of Gp, _p and _p (or _a), respectively. In this figure, four plausible
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Fig. 2. Type I noise activity at metric frequencies (169 and 408 MHz)

observed by Nan_ay interferometer [Solar-Geophysical Data,

April 1970].

proton flares are shown by open circles. These flares seem to have generated solar cosmic rays as

observed by the earth's satellite ATS-I on 6 - i0, March.

As has been discussed earlier [Kai 1970; Sakurai, 1970 ], the coronal magnetic streamers are

usually formed high above the type I noise active regions. If this relation is applied to the case

which we are considering, such streamers are perhaps formed above the two type I noise active

regions over the active regions McMath Nos. 10607 and 10614 - 10618, extending into the outer corona

and further into the interplanetary space. It seemsthat enormous numbers of energetic electrons

are guided outward along such s_ream_ from type I noice active region_o Hence_ the radio contin-

uum emission at decametric frequencies described above seems to be generated by such electrons.

The observational result on the visible continuum at the time of total eclipse [Saito, 1970]

shows that this emission is highly polarized in the plane perpendicular to the coronal streamers as

mentioned earlier. By drawing a schematical picture on the relation between such polarized visible

continuum sources and the type I noise active regions, we obtain the following view. The former

sources are mainly located above the latter and along the coronal magnetic streamers which are in-

dicated in Fig. 4. This result suggests that the emission mechanism of such polarized visible con-

tinuum is closely connected with that of Type I noise storms at both metric and decametric frequen-

cies.
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emission (200 and 245 MHz) and the number of solar

flares from 1 to i0 March, 1970.

Solar Cosmic Rays and EnersetiC Electrons in the Coronal Re$ions

As has been described above, several proton flares occurred durin_ the period from 1 to

I0 March, 1970. They are estimated as tabulated in Table 1 with their characteristics°

Table 1 - Solar Proton Flares on 6 and 7, March 1970

Time i UT I Position Imp. McMath No.

March 6 1318 1 S12 E50 2N 10618
I

March 7 0143 I SII E09 2B 10614

0721 1 N04 W35 IB 106070837 S06 E04 1B 10614

As is shown in Fig. 6, the data obtained by the ATS-I satellite [Solar-Geophysical Data, April 1970]

show that the intensity of solar cosmic rays of Mev-enerBy began to increase around 1400 UT on 6

March and the excess intensity was continuously observed until the early morning on i0 March.

Around 1040 UT on 7 March, the start of riometer absorption increase at 30 MHz was observed at

Thule. Due to the lack of observational data by ATS-I satellite, we can not examine the time var-

iation of solar proton flux on 7 March Jn detail, but it seems that the sharp decrease of the flux

of energy 5 - 21 Mev started after the onset: of the SSC geomagnetic storm which occurred at 1417 UT

on 8 March. The proton flux near the earth was about 6.8xi0 _ particles cm-2sec -I on that day before
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the onset of this geomagnetic storm. This suggests that in association with its passage, the storm

p1a'._n_acloud responsible for the geomagnetic storm just mentioned took a sweeping action for solar

preton part/cles of Mev-energy ambient in the solar neighborhood and interplanetary space according

to the mechanism as discussed by 0bayashi [1962; 1964].

On account of successive occurrence of solar proton flares, solar protons and other particles,

including electrons, were generated from the sun on 6 and 7 March and so some of them might be

trapped near the sun by the magnetic field lines extending from the active regions and their neighbor-

hood _n tile outer solar corona and interplanetary space. Furthermore, there might exist disturbed

magnetic regions within i0 solar radii which played an important role on scattering and trapping of

so_ar protons and other particles [e.g., L_st and Simpson, 1957; Sakurai and Maeda, 1961; Reid,

1964]. When the total eclipse occurred at 1743 UT on 7 March, the space near the sun seemed to be

ir:n-_ersed by solar cosmic ray particles.

As is shown in Fig. 4, there were two type I noise active regions on 7 March. This means that

_mormous numbers of energetic electrons of kev energy were ambient in these active regions. It seems

that r_any energetic "electrons were trapped along the coronal magnetic streamers extending from such

...... _ re o._ into the inter anetary space. Some _LdUL±ULZ_......=--- O_--=_L_V_=..... _--' ................ _I..

_Jectcd outward either continuously or intermittently under the guidance of the magnetic field lines

along the coronal streamers.

Since type I noise storms are, in general, generated by the energetic electrons of kinetic

_::ergy I0- 102 kev [e.g., Takakura, 1963; Sakurai, 1970], it is concluded that such energetic elec-

t re:_s were continuously accelerated due to some instability such as flares within or near the type I

noi_ active regions from 1 to i0 March. The acceleration process of those electrons may be related

'-_:solar fJares because they seemed to occur four times (Table i). There might be a possibility

:_:.,t _;ome solar flares generated relativistic electrons of Mev and, occassionally, Bev energy.
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A Possibility of Generation of Relativistic Electrons in the Coronal Streamers

It has been estimated in the last section that many energetic electrons and, perhaps, protons

were trapped along the magnetic field lines within the coronal streamers. Since electrically neu-

tral layers are possibly formed within the coronal streamers some instabilities would probably occur

along such layers [e.g., Far|h, Killeen and Rosenbluth, 1963; Sturrocko 1966]. Triggering process

for such instabilities seems to be mainly associated with the onset of solar flares which occur

within the sunspot active regions located beneath the base of coronal streamers.
i

Energetic particles in such neutral layers would be accelerated to higher energy With the growth

of instability related to neutral layers. It is estimated that energy range of energetic electrons

responsible for type I noise bursts is i0 - i02 kev [e.g., Takakura, 1963]. These energetic elec-

trons seem to be generated almost continuously below and near the type I noise active regions. If

a solar flare occurs, these electrons would, therefore, be accelerated to higher energy as Mev range

or more and then would be ejected into the coronal magnetic strea_ncrs.

These high energy electrons may be, furthermore, accelerated in association with some instabil--

ity connected with neutral layers within the coronal magnetic streamers. A minor part of those

electrons may be accelerated to i00 Mev or more. The generation of these high energy electrons

would have been much more efficient in case of solar proton flares.

Consequently, such electrons would have been temporarily trapped within the coronal magnetic

streamers over both of the active regions McMath Nos. 10607 and 10614 - 10618.
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The observational data on optically visible continuum show that this continuum was highly polar-

ized perpendicular to the direction of these two coronal streamers, as indicated in Fig. 1 [e.g.,

Saito, 1970]. At present, synchrotron radiation mechanism has been used to interpret such polarized

visible continuum [e.g., Kellogg and Ney, 1959; Ney et. al., 1961]. Since relativisti_ electrons
would be produced along the coronal streamers as discussed before, there may be a possibility that

such continuum is emitted due to the synchrotron radiation by relativistic electrons.

Concludin$ Remarks

On March 6-7 solar cosmic ray protons of Mev energy were generated by four solar flares inter-

mi_tently _=_e_-_m__ -.I__nd were occupying the space near the sun as diffusing gradually outward.

Enormous numbers of energetic electrons were also g_,eratcd and mainly trapped within the coronal

magnetic streamers. At the base.of such streamers, there were type I noise active regions where

electrons of kev kinetic energy were being continuously generated. Thus, we obtain a model as

sho_m in Fig. 7 as regard to the active region and its connection to the coronal magnetic streamers.

At the time of total eclipse on 7 March, solar cosmic rays and energetic electrons from kev to Mev
or more were existent near the sun. It seems that such a situation as observed on 7 March is rare_

ly rea]ized in the sun's neighborhood and its cause is closely related to successive occurrence of

solar proton flares before the total eclipse.
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"Solar Radio Emissio,_ for March 6-10. ]q70"

by

H. Tanaka

Toyokawa Observatory, Nagoya University, Japan

[The compilers have prepared the following paragraph and illustrations from notes provided by H. Tanaka.]

The following figures _]lustrate the solar radio emission as observed at Toyokawa during the peri-

od March 6-10, 1970. In all cases, noise outside the observable special frequencies is rejected.

Figure 1 shows radioheliograms on 3.2 cm for March 7-10, respectively (March 6 was not available).

To these the following comments apply:

(i) Half-power beam width after smoothing (negative side lobes < -20 dB)

East-West - 2.25', and North-South - 2.9' (on March i0).

(2) Unit of apparent brightness temperature is 22,000°K.

(3) The number of samples is 4095 for 40x40 cos Z square arc minutes, where Z is zenith distance.

(4) Observed at 0305 - 0326 UT (March 7 - i0).

(5) Reference: H. Tanaka et al., 3-cm Radioheliograph, Proc. Res. Inst. Atmospherics, Nagoya

Univ., 17 (1970).

Figure 2 shows East-West Scans on 3.2 and 8 cm using the 32-element grating. The observations

were at about 0301UT daily. For these:

(I) Half-power beam widt_ is i.I', and the number of smnples is 256 in 40 min. of arc.

(2) Normalized so that one square division corresponds to 50 and 25 Flux Units for 3.2 and 8 cm,

respectively.

(3) The radius of optical solar disk is 2.048 divisions.

(4) The center of drift curves should be shifted by 0.0].6 and 0.038 divisions to the East for

3.2 and 8 cm, respectively.

Figure 3 shows East-West Scans on 8 cm using the (32+2)-Element Compound. Data for 3.2 cm

are not available. Observations were at about 0301UT daily.

(I) llalf-power beam widths are 0.38' for the unsmoothed upper curves and 0.57' ior the smoothed

lower curves (negative side lobes < -20 dB). The number of samples is 256 in 40 min. of

arc.

(2) Normalized so that one square division corresponds to 50 Flux Units.

(3) The radius of optical solar disk is-2.048 divisions.

(4) The center of drift curves should be shifted by 0.068 divisions to the East.

(5) Reference: H. Tanaka et al., A High-Resolution 0uick-Scan Interferometer for Solar Studies

at 3.75 GHz.

I
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"The Microwave SpectrohelJograms of March 6 - i0_ ]970"

by
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:_ BRAC_dELL, R. N. and

! G. SWARUP
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:!

J. S. Deuter and R. N° Bracewell

Radio Astronomy Institute

Stanford University

Stanford, California

Special spectroheliograms were prepared for March 6-10, 1970, the days around the eclipse of

March 7, 1970, from observations made at a wavelength of 9.1 cm with the microwave spectrohelio-

graph at Stanford University [Bracewell, 1961; Descriptive Text, Solar-Geophysical Data].

The outermost contour corresponds to 20,000 K and the contour interval is 20,000 K. The con-

tours, which are intended as a visual aid to interpretation of the numerical values, were prepared

in the same way as the 50,000 and i00,000 K contours that are published in Solar-Geophysical Data,

i.e., the contours refer to a smoothed map in which each reading is replaced by the mean of the

nine values centered on it.

Each reading occupies three spaces, and refers to a point on the sun centrally between the

units and tens digits. The horizontal spacing of adjacent readings was 1.64 and the vertical

spacing was 1.82 minutes of arc. The brightness temperature unit is 5000 K.

The response of the instrument to a point source has four spikes resembling those seen on

some photographs of bright stars, and this effect is a noticeable accompaniment of the brightest

region. The position of these effects is geographic north-south and east-west, and so rotated

23 degrees an_iclock_ise from the axes of the page, since the sun's rotation axis is shown vertical.

The observations were supported by the Environmental Science Services Administration under con-

tract E22-26-67(N) and the preparation of the special spectroheliograms by the Air Force Office of

Scientific Research under contract F446_0-70-C-0076.
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"Solar Emission at 8.3 mm on March 6 - 12_ 1970"

by

G. Feix

Department of Physics aud Astronomy

Ruhr-University Bochum, G.F.R.

Flux density measurements of local active regions with absolute accuracies of 2% of the quiet

sun level or 0.8 x lO-22Wm-2Hz -I respectively are made on a daily basis at Stockert Radio Observa-

tory, Germany.

The general solar situation as observed at mm-wavelengths in the interval March 6 - ]2 appears

to have produced only minor events. The flux densities of the associated plages were of the order

of 2 to 4 x 10-22Wm-2Hz -I. The greatest change in intensity observed occurred in plage McMath No.

10618 on March 7 with flux rising gradually from about 4 to 9.4 x 10-22Wm-2Hz -! and lasting from

1126 to 1300 UT; the peak mm-flux appeared at 1202 UT. The time of the onset of this "sub"-burst

coincides fairly well with the record of a cm-burst as reported by Solar Radio Data, Slough,

[March 1970]; maxima of 8 x 10-22Wm-2Hz -I at 1129 UT and 34 x 10-22Wm-_Hz -1 at 1126 UT were ob-

served at 9.4 GHz by the RSRS-Observatory, Slough, England. Fig. 1 shows the scan-profile at m m-

wavelengths (36 GHz) observed at Stockert Radio Observatory at the same time. This burst was ac-

companied by a flare of the importance IB to 2N with a high velocity dark surge; published in

Solar--Geophysical Data, [April 1970]. Maximal phases have been observed at 1125, 1127 and 1130 UT.

Out of all plages observed, the daily flux of four plages have been plotted in Fig. 2. Also

indicated in this plot is the daily flux at 9.1 cm taken from solar maps of Stanford University,

U.S.A._ as issued by the Solar-Geophysical Data, [May ]970]; finally, area- and brightness-Ca data

furnished by MeMath-Hulbert Observatory to the bulletin mentioned have been used to derive an in-

tegrated brightness factor for these plages. As can be seen in Fig. 2, the flux sequence of the

n_-radio emission does not correspond wi_ the sequence of the 9.1 cm emission. This result ap-

pears to be consistent with a model of different layers for the slowly varying component depending

upon the wavelength. On the other hand the trace of the normalized Ca-brightness is nearly in ac-

cordance with mm-intensities and almost constant for the whole peried observed. IIowever, for the

purpose of comparison a larger period should be taken into account; recently, more statistical

material has been applied to this problem over a period of five to six months [Feix, 1969].

Conclusion

Summarizing, we can judge, on the basis of the data obtained, that this observation period was

of a very low activity at _n-wavelengths.

Acknowledgement
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"Characteristics of Noise Storms and the S-Component of Solar Radio Emission in March, ]970"

A. Bohme and A. KrUger

German Academy of Sciences

Central Institute for Solar-Terrestrial Physics

(lleinrich-Hertz-Institute)

Berlin-Adlershof, GDR

The first decade of March, 1970 was characterized by enhanced components of the slowly varying

eentrimetric radiation and noise storm emission. Table 1 shows the observed daily means of solar

flux density at different frequencies measured at the Heinrieh-Hertz-Institute. As is well known,

in the centimetric region these data refer to the action of the S-component and in the metric region

to the noise storm emission, respectively.

Dynamic spectra of these components deduced from single frequency observations are represented

in Figures 1 and 2. For comparison, for each day the existing spot groups are introduced into Figure

1 taken from the Maps of the Sun of the Fraunhofer Institute, Freiburg. In this way, representative

global information about three distinct levels of the solar atmosphere are available. As indicated

by Figure i, during the period under consideration, especially, two centres of activity were dominat-

ing, one in the northern solar hemisphere, the other in the southern. But it must be supposed, con-

sidering both, that the S-component and the noise storm radiation came from the northern group which

was a_sociated with McMath Plage No. 10607. This region was very active also some days before the

time interval here under consideration.

Date

1970

Mar.

i

2

3

4

5

6

7

8

9

i0

ii

12

13

14

15

16

17

18

19

20

Table 1

Daily means of so]ar flux density

during_the period 1970, March 1 - 20 from HHI observations

s-component

(+ basic component)

9500 2000 1490 510

MHz

336 -- 121 40

329 - 122 35

330 - 122 35

327 - 130 48

329 - 128 35

331 - 126 35

324 - 129 35

315 - 132 39

320 131: 131 35

316 129: 132 35

311 - 126 35

314 - 128 35

306 - 120 35

302 123 113 35

299 122 112 35

298 121 113 35

299 117 ]05 35

299 117 104 35

296 118 103 32

302 124 i0_ 32

Noise storm

234 iii 64 40 23

MHz

140 186 702 <125 <i00

28 59 _313 -<126 <i00

18 25 <25 <50 <i00

56 125 _64 <116 <i00

14 43 -<56 <203 <i00

13 29 -_64 _263 <i00

20 31 -<54 <253 <i00

13 30 _50 <216 <i00

9 <8 <25 <50 <i00

9 <8 <25 <50 <i00

i0 <8 <25 <50 <i00

9 <8 <25 <50 <i00

8 <8 <25 <50 <i00

8 <8 <25 <50 <i00

8 <8 <25 <50 <i00

9 <8 <25 <50 <i00

10 <8 <25 <50 <i00

ii <8 <25 <50 <i00

9 <8 <25 • <50 <i00

9 <8 <25 <50 <i00

Remarks

9500 MHz values

according to

latest absolute

calibration

2290 >_z

equipment

under recon-

struction

2000 MHz level

according to

Nagoya absolute

calibration

As a remarkable feature, the radiation of the S-component exhibited relatively high fluxes in

the 3 cm-range during the first six days of March, 1970. This fact reflects processes of a storage

of energy in deeper levels of the solar atmosphere (i.e. near the transition region chromosphere-

corona which is believed to be responsible for the production of energetic fla_e-burst events

[KrUger, 1969, 1971]). However, these processes are more or less loosely conuected with the forma-

tion of noise storms demonstrated by Figure 2. This storm mu:_t be regarded as indicative of a

separated heating process taking place in corona] heights of, say, ab,out 0.2 - 1.O solar radii

above the photosphere. Sometimes, such centres of storm radiation have been supposed to be stores
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:or protons of low energy escaping and coming to the earth, producing auroral phenomena, geomagnetic

_.:_rms, etc. [Fan, et al., 1968; Denisse, 1952; Pick, 1970].

Figure 2 demonstrated very nicely indeed the close connection between the spectrum of the noise

_{orn,_ emission and the arrival of low'energy protons near the earth. The latter data have been de-

....<,d from E,_G (EXP 41) measurements as published in the ESSA Solar-Geophysical Data [1970]. About

_'_, days after the maximum of the storm radiation on March 6 on 40 MHz the peak of the proton emis-

":_:_ _rr_v_d at the vicinity of the earth. A comparison with Table 2 compiling the major type IV

_,_r_ts _u March, 1970 shows, that no type IV event was detected which could be connected with the

._t of the particle event. Thus, no explosive solar process may be responsible for the expella-

ti<n_ of the particle emission in the range <i0 Mev at least for the first phase of the event.
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Table o

Lit _ of type IV bursts during 1970, March 1 - 15

Date

Mar.

01

01

Ol

Ol

02

07

Burst Flare

Start Dur. 3 cm-flux Freq. Range Start Plage Reg.
UT min. s .u. MHz UT

05 00

09 15

ii 05

13 00

13 03

01 39

8O

75

130

60

3OO

135

55O

1250

930

190

61

60

100-17000

23-19000

23-19000

I23-19000

23-15400

i00- 9400

05 O0

09 36

11 O1ii 43

(13 58

13 17

01 38

Position Imp.

N06 E52 -B

N05 E48 IB

N07 E50 IN

NI4 W33 2N

N23 W57 -N

N06 E32 -B

S12 El0 2B

10607

10607

10607

10595

10592)

10607

10614

It should be noted (Figure 3), that the spectrum of the noise storm shifted from shorter to-

wards longer wavelengths so that accordingly a displacement of the source region into greater coronal
heights can be assumed.

Summarizing the observational results of the March 1970 event it can be stated, that

- there is an evidence of a strong association between the complex of the noise stonll

emission and th_ occurrence of the particle event, and

- there appears a confirmation of the suggestion of a general dependency of the average

energy of solar particle emission on the level of its origin inside the solar atmos-

phere in such a sense that the harder the emission, the deeper the level of origin.

KRUGER, A.

_j

KRUGER, A.

1969

1971
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"RadioheliographObservationsof llarmonicType !II Bursts"

by

D. J. McLean

Division of Radiophysics, C.S.I.R.O.

Sydney, N.S.W.

[Permission has been received to reprint this article from the Australian Journal of Physics, 24 (2),

1971.]

ABSTRACT

Observations have been made with the Culgoora radioheliograph and spectrograph

of type III bursts which show clear fundamental and harmonic components. The signif-

icance of these observations is discussed.

Introduction

Smerd, Wild, and Sheridan [1962] have shown that observations of the relative positions of fun-

damental and harmonic components of type III bursts are important for an understanding of the process

of emission of these bursts. In 2½ years of observations with a two-element interferometer they re-

corded only eight clearly identified harmonic bursts (of which three occurred on one day). It is

hlgh]y fortunate therefore that on 1970 March 7, in one day's observation with the Culgoora radio-

heliograph, we observed sixteen clearly recognizable harmonic type III bursts and recorded 80 M3_z

images of both fundamental and harmonic components. In this paper we shall describe the observa-

tlonal records of these bursts.

Observations

Four distinct groups of type III bursts are included in the observations. Other type III groups

also occurred on the same day but either contained no recognizable harmonic bursts, or took place

o'.,t_de the heliograph observing period.

A type I storm was in progress from March 6, "1970, 2141 UT (before the start of heliograph

observations) to about 0i00 UT on March 7. Figure l(a) shows the source of this storm as it appeared

at 80 _Iz just prior to the first group of harmonic type III bursts. From the position and starting

time of the type I storm, we can safely relate it to an importance 3 bright spray observed at N!5 _

on the _:est limb at 1.838 UT and associated with a centre of activity some i0 ° behind the west limb.

The first group of harmonic type III bursts started at 0026:20 UT. No chromospheric flare was

o_._erved near this time; it is likely that the ejections responsible for these bursts crone from the

centre of activity behind the west limb which was responsible for the type I storm. This deduction

_ based on the close proximity of the two sources at 80 Ml_z and on the high loop activity of this

_'•ntre observed optically during the previous few hours. It is also consistent with Kai's [1970]

c•b_ervatlon that type I and type III bursts from the same centre of activity occupied different po-

,'_.¢t tons. i

The dynamic radio spectrum of the type III group appears in Figure 2(a). Eight clear harmonic

'.;_" iiI bursts are marked on this spectrum with the letters b, .... i. From their remarkable simi-

':_'.y these events may be considered homologous. The bursts of the subsequent groups (Figures

_ _, 2(c), 2(d)) are quite different in appearance from the first group, although some of them also

" : h_,-_ologous sequences.

Fi_,_re 1 shows contour plots taken from the 80 _fltz radJoheliograms for the type I storm, event a,

': ._. _ thn type III events, b, --- i. In each case the fundamental source is shown by full contour

.... _::,' the harmonic source is shown dotted. The events are identitie_ by the same letters in

:_" I and 2(a). For events shown in Figures l(b), l(f), and l(i) the type I storm was comparable

• ::_ ._.'.:e.,6 with the type III burst, and so is clearly visible in the contour plots. In our dis-

: :. "ae _q_all ignore the contribution from the type I source. The other five type III bursts Jn

•"_ ' _ '_'_'re nore _ntense and the type I source does not appear. Figures 2(b), 2(c), and 2(d) show

,./' _ ,: _r., of the three other groups to be considered here. The heliograph data for the eight har-

:_'_:e llI bursts labelled j, --- q are plotted.in Figure 3 and identified by the same letters.

": _" third (n,n) and fourth (o,p,q) groups of harmonic type lII's can be associated with a

':_!: !_, which Started at 0115 UT. If, therefore: our assumption _bout the origin of

"- -. ...._rr_,ct, thc_se later bursts orig_ated in a different centre of activity. No

. ' : :,,'-at the time of the second group but the 80 _Iz positions suggest the same origin

• " _::d ,_v_:lfourth groups.
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Fig. I. Contour plots, from radioheliograms of a type I

storm (a) and harmonic type III bursts (b, --- i).

The heavy contours are at half-power and the light

contours at quarter-power. For each of the harmonic

type III bursts, the first time corresponds to the

fundamental component of the burst (full-line contours)

and the second time to the harmonic component (dotted).

All the type III bursts on this figure occurred in a

single group; the spectrum is shown in Figure 2(a).

The positions marked by a + are the average positions

of the centroids of the three sources. They are the

same for all nine parts of the diagram. In (a)_ F

indicates the presumed position of the related flare.

The degree of polarization of all these bursts is interesting. The type I storm centre showed

about 70% right-handed circular polarization. The fundamental components of the first group of har-

monic type III bursts were also polarized in right-handed sense, about 50% if-we assume that there

was no linear polarization, but the harmonic components showed no circular polarization.

None of the type III bursts in any of the other groups showed such strong circular polarization.

However_ with the possible exception of one burst_ the fundamental components do appear to show a

systematic ]0% of right-handed circular polarization while the harmonic components are unpolarized.

.................. .-, .... * ......... rr ...........................

is no sign of bi-polar structure in either the type I source or the various type III bursts. All

the contour plots in Figures 1 and 3 were made from observations in the right-handed circular sense

of polarization.

])]scussion

The data presented here are of particular interest for a number of reasons,

(a) Homolo_y_. As mentioned earlier, the type IIl bursts of Figure 2(a) are strikingly alike,

and different from those in the other groups discussed here and also from other groups on the same

day. It is also evident from Figure 1 that the po:_ition_, s_zes, and shapes of each 1_armonic pair

in the first group are remarkably similar. However, the second and third groups of type III's

(Figures 2(b), 2(c)) are also reasonable examples of hemoiogous spectra, yet here the heliograph

observations, although similar for bursts f, k, and 1 are not so for bursts m and n.
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Fig. 2. Dynamic spectra of the harmonic type III bursts studied in thi_ paper. T_ne increases

along the abscissa, wavelength increases along the ordinate; the intensity of solar

radio emission at each point is represented by the brightness of the spectrum at that

point. Narrow horizontal bright lines are due to man-made interference. The times

corresponding to the 80 >_z radioheli0grams in Figures 1 and 3 are indicated by the

letters a, --- q.

(b) Limb Events. Wild, Sheridan, and Neylan [1959] found that harmonic type iII bursts are

more commonly observed near the limb than near the centre of the disk. Their observations and the

heliograph observations presented here, disagree with the simple theory based on refraction in a

smooth corona, which predicts that the fundamental component will only be observable from the centre

of the solar disk. A number of authors [Roberts 1959; Wild, Sheridan, and Neylan 1959; Shain and

Higgins 1959] have discussed the effect of scattering on small-scale irregularities te explain this

discrepancy, and Fokker [1965] has performed calculations which confirm this hypothesis for 200 MHz

sources and give plausible sizes for sources. Similar ca]culations have not yet been performed for

80 MHz fundamental emission nor has any attempt been made to calculate the effect of scattering on

the appearance of harmonic sources.

(c) Relative Position of Fundamental and Harmonic Bursts. Smerd, Wild, and Sheridan's [1962]

observations of harmonic type III bursts were inconclusive in that they did not fit either of the

proposed interpretations. It was predicted that the position of the harmonic component of a burst

near the limb would fall several minutes of arc outside the position of the fundamental, if seen

directly, or several minutes of arc inside the fundamental, if seen after rcf!cction by the corona.

However, as these authors point out, their observations with a two-element interferometer left open

the possibility that the harmonic components of type III bursts were observed at the Earth both

directly (due to forward emission) and after reflection on the corona (due to backward emission)

with comparable intensities. Figures 1 and 3 show that all the sources on March 7, 1970. were simple

(except for the peculiar feature near the centre of the Sun in Figure 3(k)). This does not mean that

the sources were not double; in that case, however, tbe brightness of the second component must have

been less than about 10% of that of the main component. (Labrum [1971] has observed one case where

the source is indeed double, and he is able to draw some interesting conclusions from this observa-

tion.)
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Contour plots from radioheliograms of the fundamental

(full-line contours) and harmonic (dotted) components

of harmonic type III bursts. The bursts (j), (k), and

(i) occurred in the second group (Fig. 2(b)), (m) and

(n) in the third (Fig. 2(c)), and (o), (p), and (q) in

the fourth (Fig. 2(d)). In (m) F indicates the ob-

served position of the related flare.

Although we cannot yet explain why the position of the harmonic was so close to that of the

fundamental, it would seem that in the present sample the harmonic components were seen after re-

flection by the corona, not directly. However, Morimoto []_964] has suggested that type III sources

appear to come from above the plasma level deduced from optical data, because of the effects of

coronal irregularities near the plasma level. Presumably the second harmonic emission coming from

much higher in the corona, would not be affected in the same way. The apparent position of the

fundamental would consequently lie much higher, and closer to the true position of the harmonic

source than for the simple model used by Smerd, Wild, and Sheridan [1962]. This might suggest that

for the present observations the harmonics were seen directly, except that they actually lie inside

the positions of the fundamentals. At the s_le time Morimoto's [1964] argument makes the discrep-

ancy between these observations and the simple model (assuming that the harmonic radiation is seen

by reflection) still more difficult to explain. We conclude that a careful study, based on a real-

istic model, of the effects of propagation through the corona is needed before we can interpret

A further unpredicted feature is the tangential shift to the harmonic source relative to the

fundamental. However, this is not surprising if one takes into account the large departures from

spherical symmetry apparent in optical observations of the solar corona.

(d) Polarization. Type III bursts rarely show such strong polarization as was observed in the

first of the groups described above. The contrast with the three later groups suggests that the

extreme solar longitude of the first group may be a significant clue to the cause of this strong

po]._rization. Once again we are face() with the need to consider in detail the effects of propaga-

tion through the corona from the source to the observer.
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0 i!"Solar Radio Emis____sion_ H_rais , J_an

by

0 •

F. Yamashita

Solar Radio Research Section

Radio Research Laboratories

Nakaminato- shi, 311-12

Ibaraki-ken, Japan

Copies of original records for several dates at the beginning of March 1970 were sent to WDC-A,

Upper Atmosphere Geophysics. Reproduced below arc the bursts on 200 MHz and 500 F_Iz associated with

the importance 2B flare, which began at 0138 UT March 7. The flux unit is 10-22Wm-2Hz-l, and the

calibrations are sho_n_ on tne records.
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"The Type IV Event on 6 March_ 1970"

by

L. Fritzova-Svestkova and J. Olmr

Astronomical Institute of the Czechoslovak Academy of Sciences

Ondrejov, Czechoslovakia

This contribution contains some conclusions deduced from the radio observations made at Ondrejov

during the critical period from 6 to i0 March 1970. Because of bad weather conditions, there were

only short periods of optical observations, for several hours on 7, 8 and I0 March. Durinz this time

two flares with importance 2, and seven flares with importance _i were observed, but none of them had

any connection with radio events registered at Ondrejov. In opposition to the incomplete visual ob-

servations tile radio measurements were made every day continuously from about 0730 to 1530 UT on

three frequencies: 808, 536 and 260 MHz. Table I contains data about all outstanding occurrences

durin_ the mentioned period: date, beginning, duration, type and intensity (expressed in the units

lO-22Wm-2Hz -! for frequencies 536 and 260 _Hz and in the relative units of the base level for fre-

quency 808 MHz).

Table I

Date Beg. Dur. Type Peak Flux Freq.

Har.1970 UT Min. MHz

1429 3.5 CD 808

1205

0933

1220

1358

0930

1319

22

i

60

21.5

5

15.5

CD

SD

M(CD)

CD

ECD

ECD

3

120

95

60

45

100

>ii0

536
t;

260
II

11

11

From all our material only one event seems to be of actual interest. It is the radio outburst

on 6 March registered at our observatory on 260 MHz (Figure I). The record is characteristic for

type IV, but surprisingly at the same time no increase was recorded on the frequencies 808 and 536

MHz. A sl_ght peak on these frequencies can be suspected, but its existence is very problematic,

the size being close to the treshold sensitivity. The situation can be understood when comparing

registrations on different frequencies obtained at other solar stations. The curve on Figure 2

made from data of maximum flux at single frequencies indicates the U-shaped type IV burst which is

characteristic for proton events [Castelli et al., 1967]. But in contradiction to the similar

known type IV events the intensity of this event is extremely weak and obviously did not exceed

50 units on 536 and 808 _z, which is the treshold sensitivity of our device on these frequencies.

In spite of it, this flare was the most probable source of energetic particles recorded near the

Earth on 6 March at 1410 UT.

Thus, this event leads to an interesting conclusion: It confirms the fact discovered by

Castelli et al. that a U-shaped type IV burst is usually associated with proton ejections on the

Sun, but it contradicts to the other conclusion made by the same authors that at the same time

the flux must be very high. The discussed event is one order weaker than the ones mentioned by

Castelli et al. and in spite of this the flare was a particle source. Another interesting obser-

vation concerns the time delay from centimeter to meter wavelengths. The curves on Figure 3 show

the delay of the type IV on meter waves which was extraordinarily great in comparison with similar

other cases. This seems to confirm the conclusion made by Svestka [1970] that the weaker is the

observed event, the greater delay of type IV on meter wavelengths can be expected.

CASTELLI, j.p., 1967

AARONS, J. and

HICHAEL, G. A.

SVESTKA, Z. 1970
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"Microwave Burst of 6 >_a'rch 1970 Proton Flare"
i

f by

V. L. Badillo

Manila Observatory

P. 0. Box 1231, Manila

Philippines

Events occurring on the invisible side of the sun can have geophysical effects. The PCA of

March 6 and the sudden commencements of March 7 and 8, 1970 may be attributed to a proton flare oc-

curring in McMath region 10595 behind the west limb on March 6, 1970 at about 0930 UT. (The time

delays for these geophysical effects are about 6, 35 and 53 hours respectively.) The solar micro-

wave burst recorded at this time shows peculiar characteristics which may provide information abo_t

the proton flare.

The time evolution and the spectrum of the radio burst are shown in Figures 1 and 2, respective-

ly, while in Table 1 are listed comparative data for three similar proton flares. The duration of

the March 6, 1970 burst is very short compared with the other two radio bursts also originating fresh

behind the west limb. An explanation for the brevity of the duration will be proposed below. The

bursts in the 4995 and 2695 _z bands correlate well with each other, but not with the burst in th_

1415 MHz band. The peak at 1415 MHz comes 0.i minute after the peaks in the higher frequencies. Al-

so noteworthy is the narrow bandwidth of the burst compared with bursts associated with proton flares.

4 Nov 1968

_0 Mar 1969

6 Mar 1970

Table 1

Burst Data for Proton Events Behind the West Limb

Date I Maximum Duration Behind ssc References
I (UT) (Min.) Limb De lay

(Hrs.)

0520 20 5 ° ? Castelli, et al. (1970)

Lafferty, et al. (1970)
0249 105 15 ° 19 Badillo & Salcedo (19691

0934 4 i0 ° 35,53 This paper.

i i I I I i I

4995 MHz
---- 92 -

2695

1415

.... 1,14o oJ
I
:E

It.

26

Fig. !.

/
I I I l_ i ¢____l__

093e UT 0_32
Burst observed on 6 March, 1970 at Manila Observatory.
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Nothing measurable was reeorded at 606 _]z and lower frequencies for the burst of March 6. The

spectra of the three events are similar in the decrease of flux density with decreasing frequency.

These spectra differ from the U-shaped spectrum characteristic of proton-producing flares [Castelli

et al., 1967]. However the U-shaped spectrum arises from flares on the disk. The spectral index of

the March 6, 1970 burst is -6, while that of the other two is -1.5. The absorption at lower frequen-

cies of the March 6 burst is stronger than for the other two bursts. But what makes the March 6

burst different from the other two is the absence of radiation at 8800 D_z. In all the radio bursts

co:ning from this region before March 6, radiation at 8800 MHz was never absent. In fact, Sagamore

llill recorded a Great Burst fro:_ this region on llarch first.

Since radiation in the 8800 D_z band is always intense iu radio bur_ts associated with proton

flares, some SUl)pression of this radiation must have occurred on March 6, 1970. A mechanism to be

considered is occultation by the solar limb of the lower chromosphere, the source of radiation at
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the higher frequencies. This echanism does not seem to have affected the bursts on November 4, 1968

and March 30, 1969. But this _echanism would be e_hanced if the electrons and protons were acceler-

ated during the flare not just radially outward but Jn a decidedly westward direction, that is, in

the direction away from the earth. This would explain the suppression of the radiation at the higher

frequencies, the brevity of the burst duration and the longer time delay of the sudden commencements.

Protons initially accelerated away from the earth could still reach the earth because of the '_ater

hose" effect, but would have longer paths to travel. A longer travel time would allow a more pro-

nounced bunching of protons with different initial velocities.

We are grateful to the following: H. Tanaka for Toyokawa data, T. Takakura for Tokyo data,

J. Salcedo for careful measurements at Manila and J. Hennessey for encouragement and use of facilities.

This research is funded by Air Force Cambridge Research Laboratories.
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"High-Resolutlon Observations of a Microwave Burst on March 7, 1970"
i

by

t •

Shinzo Enome

The Research Institute of Atmospherics

Nagoya University

Observations

A microwave burst, which took place on March 7, 1970 at 0141 UT near the center of the solar

disk [Tanaka, 1970], was one of the most rare events in the sense that there was no S-component

before the burst at 3 cm and 8 cm. According to optical observations made at Mitaka and Okaymma

[Hiei, 1970], the associated flare had the form of a so-called "two ribbon" flare, which appeared

just after the sudden disappearance of the overlying dark filament. These facts show that this is

•a typical "disparition brusque" [Hyder, 1967a, 1967b], but it occurred, unlike the usual case, un-

accompanied by a pre-existing coronal condensation.

The single frequency observations (Figures la, ib) show two distinct non-thermal features super-

posed on a thermal spectrum. The non-thermal spectra at 0145 UT and 0158 UT are plotted in Figure 2,

which shows that the peak in the spectrum falls around 2000 _z at 0145 UT and lower than I000 MHz at

0158 UT. This, if we take an optically thin model of solar microwave radiation, means sub-rela-

tivistic electrons gyrating in a magnetic field of 250 Oersted at 0145 UT and 120 Oersted or less

at 0158 UT at the source of the non-thermal components. This suggests that the latter activity

occurred higher in the solar atmosphere than the former. The quick-scan record at 8 cm [Tanaka

et al., 1969; Tanaka and Enome, 197(I] shows no appreciable motion of the source of the burst even

during its non-thermal activity. From this we can say that the source of the radio burst did not

coincide with the position of the "two bright ribbons", since their'separation increased with time

[Hyder, ]967a; Hiei, 1970], and further t00at the position of the non--thermal components cannot be

distinguished from that of the themual, though we have not analyzed yet the absolute position of

the source of the burst.

Another character of the non-thermal spectra is that there was a reversal of the sense of the

circular polarization with frequency. The reversal frequency was between 2000 MHz and i000 MHz.

As non-thermal activities ceased around 0200 UT, we can derive from the thermal spectrum at

0210 UT (Figure 3) the emission measure and the electron temperature of the source. Ne2V is

i0 _3 cm -3 and temperature is about 3 x i06 °K, if the effect of gyro-resonance absorption is neg-

lected [Kakinuma and Swarup, 1962]. In fact, the thermal source showed the right-handed and ]eft-

handed circular polarizations of a few percent in the western and the eastern part of the source,

respectively, at 9.4 GHz. This suggests that there was a small thermal component which was due to

gyro-resonance absorption and that there was a magnetic field of ii00 Oersted at this thermal com-

ponent. Comparing with the field-strength at the source of the non-thermal components, it may be

that the thermal source was located lower than the non-thermal.

The observed size of the source was 1.4 min. of arc, while the theoretical beam width at the

time of observation was 1.3 min. of arc at 9.4 GHz, which reveals that the size of the source was

smaller than 1 min. of are. Thus, the volume of the source may be i0 z8 cm 3 and N e may be I0 I° cm -3.

Discussion i

Phenomena associated with disparitions brusque have been studied and compactly summarized in

papers by Hyder [1967a, 1967b]. The importance of infalling materials has been stressed in his

study. _m interaction between infalling gas and a coronal condensation, however, must also be

taken into consideration. In this context_ the March 7 event, although it was not so large in scale,

has a significant meaning, since it was not associated with a coronal condensation.

The thermal energy of this event was 3 x i02e ergs for the electron density of !0 I0 cm -3. The

estimation pf the non-thermal energy depends much on the model, but it is much smaller than the

thermal energy if there was no ejection of a plasma cloud. The gravitational energy of the dark

filament has been calculated by Hyder [1967a]. It well covers the thermal energy loss calculated

above.

As for the sense reversal of circular polarization with frequency, there are several reports of

observations [Kakinuma, 1958; Tanaka and Kakinuma, 1959 and 1962; Tanaka and Enome, 1970]. Recently

Ramaty and Holt [3970] have attempted to explain the polarization reversal by gyro-synchrotron self-

_bsorption at tho _;_mrcc; namely, _Jth the optically thick model by !lolt and Ramaty [1969]. Takakura

and Scalise [1970] have criticized the theory of llolt and Ramaty for the following reasons; that

their model requires a very efficient acceleration mechanism up to relativistic energies, that rela-

tivistic electrons should emit strong radio emission at higher frequencies, or that extremely aniso-

tropic pitch angle distribution is necessary in order to suppress an excess radiation at higher fre-

quencies.
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Here we would like to present observational facts that are unfavorable to the explanation by

Ramaty and Holt [1970]. The reversal frequency falls usually between 3750 MHz and 2000 MHz and it

does not depend o_ the intensity of bursts [Kakinuma, 1958]. The !atter fact means that the optical

thic|¢nP_ i_ in_n_na_n_ n_ 1-h_ _,-=_, _ _,,_cr_ iF _P r_ _h_ viPwnnin_ nf Rnm_tv and Holt.
......... r ........................ J ........ • ................ • 4

Then the size of the source would be proportional to the square root of the intensity of bursts. The

size of sources have been determined observationally to be less than 1 min. of arc and probably 0.5

m!n. of arc for impulsive bursts of hundreds of flux units [Enome et al., 1969]. In the case of the

bursts on September 3 and November 14, 1960 the intensity was as high as 12,000 and 4,300 flux units

at 3750 _z, respectively, and they underwent the reversal of polarization [Tanaka and Kakinuma,

1961]. Thus, the size would have been larger than 5 min. of arc in these cases. Such a large size,

however, could be measured even with the interferometers with poor resolution at that time. And

from the results of high-resolution observations which have been made in this solar cycle we can

hardly believe that.

Finally, we have not yet finished the analysis of data. Determination of the absolute position

of the radio source is most important, since it may bring us some new evidence about the relation

between optical and radio phenomena or thermal and non-thermal phenomena.
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"Data submitted by Ahmedabad, India for the _eriod March 2 - i0_ 1970"

_.iditor's Note: The compilers have prepared the follo_ing paragraph from correspondence from
Dr. K. R. Ramanathan.]

The following data tabulations and copies of recordings were submitted by Dr. K. R. Ramanathan,

physical Research Laboratory, Ahmedabad, India. They detail the solar radio spectral events (Table i

and Figure i, prepared by R. V. Bhonsle), riometer SCNA events (Table 2 and Figure 2. prepared by

S. S. Dcgaonkar), and 164 kHz, Tashkent to Ahmedabad, field-strength (SES) events (Table 3 and

¥1gure 3, prepared by R. G. Rastogi) as recorded at Ahmedabad. Included in the tabulation of radio

spectral events (Table i) are also events reported by Weissenau, Germany and Culgoora, Australia.

Yable 4 (prepared by R. G. Rastogi and S. C. Chakarvarti) gives solar x-ray events from Explorer

37 wi_ich correspond to those recorded on the 164 kHz field-strength monitor.

The following data, tabulations and graphs, recorded at Ahmedabad have been submitted:

Table 1

Solar Radio Bursts (Frequency Range: 40-240 _{z)

recorded at Alunedabad from 2 - i0 March, 1970

March

1970

02

O3

O4

05

O6

Time of Observation

Start UT End UT

0330 1130

0330 1130

0330 1130

0330 1130

0330 1130

Station

_'bad

tt

t!

i!

it

t,

iI

I!

,!

I!

t!

It

i,

,!

t,

t,

o,

A'bad
i,

t!

v;

,!

f!

I!

I!

t,

II

1!

1!

I"
II

t!

T|

l!

t,

Weis

v!

I!

i!

Weis
o;

Culg

Culg

Weis

We_ s
_t

t!

_eis

ft

11

t!

92

Metric Band

Start UT End UT In,

0335:00 0335:10 i

0337:20 0337:45 2

0339:40 0340:10 1

0342:30 0344:30 i.

0406:40 0407:30 1

0418:40 0419:05 2

0430:30 0440:20 2

0505:50 0506:30 2

0523:10 0523:20 2

0600:40 0601:15 2

0632:40 0633:30 2

0639:20 0641:45 2

0719:20 0720:50 2

0803:45 0804:30 2

0815:30 0815:35 1

0827:40 0828:00 i

0903:10 0903:20 1

0921:40 0921:50 2

1025:50 1036:30 3

0628:30 0629:30 1

0630:30 0632:30 1

0638:10 0646:50 i

0944:40 0945:00 1

0950:20 0951:10 2

0954:30 0955:10 1

0510:00 0516:00 2

0601:45 0602:00 1

0659:20 0700:00 2

0739:05 0739:20 i

0910:00 0910:10 2

0929:00 0944:00 3

0955:30 0956:25 2

0949:20 0949:40 1

0644:10 0645:00 i

0717:25 0717:45 I

0758:40 0759:40 I

0838:30 0838:35 1

0844:50 0845:50 1

0856:40 0858:00 1

093]:40 0937:30 1

0952:40 0954:20 1

Spectral

Type

III B

III

III G

III G

III

III G

III G DP

III G

III B

III

III G

III G

III G

III G

III B

III

III

III B

III GG

III G

.III G

II,III G

III G

III G

III G

III G

III

III

iII B

III B

III GG DP

III G

III W

III G

III G DP

III B W

III G W

III G W

UNCLF W

UNCLF W



Table1 (continued)
Sol, RadioBursts(FrequencyRange:40-240_]z)

recordedat Ahmedabadfrom2 - i0 March,1970

_archI Timeof Observation
1970 I Start UT EndUT

I

o6 I

07 I 0330 1130

08 I

09 I

lO I

0330 1130

0330 1130

0330 1130

%

Station

A'bad
I!

" Weis
V! 11

It v;

I! I! "

II

" Weis

11 I!

" Culg
I!

t;

" Culg

I!

11

11

11

" Weis

i II I!

I II II
i

II II

Metric Band

Start UT

1017:00

1047:00

0656:50

0707:40

0720:30

0816:30

0826:20

0834:30

0659:15

0340:10

0343:30

0346:36

0526:50

0412:20

0417:20

0528:30

0602:40

0838:40

0918:40

1002:20

1102:00

End UT

1017:40

1047:40

0659:20

0708:00

0725:30

0819:30

0826:40

0841:00

0735:50

0341:40

0345:50

0349:20

0527:00

0412:45

0417:45

0528:45

0£02:50

0840:10

0920:30

1003:00

1104:00

Int

1

1

1

1

Spectral

Type

III W

UNCLF

III G W

III

III GG DP

IIl GG DP

III B

III G

III GG

III G W

III G

III G W

III B

III G

III G W

III B

III B

III G

III GG

III G

III G

A'bad

Weis

Culg

- Ahmedabad (INDIA)

- Weissenau (GER_LANY)

- Culgoora (AUSTRALIA)

The symbols used in cunnection with the spectral type in

describing the important bursts are as follows:

B

G

GG

DP

W

UNCLF

U

- Single burst

- Small group (<i0) of bursts

- Large group (>i0) of bursts

- Drifting pairs

- Weak

- Unclassified activity

- U-shaped burst of type III

Details of solar radio spectrograph at Ahmedabad:

i. Frequency range

2. Sweep rate

3. Frequency resolution

4. Operation time

5. Antenna

6. Antenna mounting

- 40-240 MHz

twice per second

- 300 kHz

- 0330 to 1130 UT on all days

- Three rbombic antennae

- Steerable equatorial
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Table 2

Details of the sudden cosmic noise absorption
recorded at 21.3 l_Nlzat Ahmedabad

12"5'

I0"0 -

7"5-

5"0-

2"5-

0

Bite I StartM,irc Time

i_70 1

q)5 1 0432I16 0932

End
Time

0515

0955

Nax °

Time

O5O0

0937

Maximum

Absorption
dB

1.0

1,9

Remarks
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sharp maximum
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"Table 3

Details of timings of t_le flare effect observed'in

the field-strength records of 164 kHz radio waves

Tashkent to Ahmedabad

Date ]

March

J 970

I

O3
i

O4

05

06

lO

Start

Time

0415

0714

0910

0629

0841

0603

0415

1155

0932

0652

End

Time

0430

0724

1030

0745

0925

0630

0620

1223

1058

0852

Peak

Time

0716

0925

0656

0852

0615

0446

1207

0940

0735

Remarks

Small

Small

Fairly big

Fairly big

Fairly big

Small

Big

Small

Big

Fairly big

Table 4

X-ray flare events (Explorer 37, *1-8_) corresponding

to those recorded on 164 kHz field-strength

Date

March

1970

02

03

05-

06

10

d

Start

Time

0417

0910

1007

0630

0905

0418

1200

0934

0700

End

Time

0430

0930

1108

0649D

0916

0801

1240

1105

0857

Peak

Time

0428

0929

1034

0649

0905

0444

1207

0940

0746

* from Solar-Geophysical Data, 309 Part I, 80-81, May 1970,

U.S. Department of Con_erce, (Boulder, Colorado, U.S.A. 80302).
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4. SOLAR X-ID\YS

"Solar Activity and Earth Atmospheric Densities in March , 1970"

by

D. E. Knight, R. J. Uribe and B. E. Woodgate

Mullard Space Science Laboratory

Holmbury St. Mary

Dorking, Surrey, England

The OSO-6 satellite was launched on August 9, 1969 into a 500 P_ high circular orbit of inclin-

ation 33 ° to the equator. Its orbital period is 96 minutes. Its operation has continued beyond

March, 1970.

On board is an experiment from University Colle_e, London. It is a grazing incidence grating

spectrometer which measures the EUV flux from the whole Sun in several spectral lines every 4 seconds.

Figure 1 shows relative daily average fluxes in the lines tabulated for the period February 19

to March 26, 1970.

Wavelength

304%

1175_

5s4_

537X

180_

256_

835_

Resolution

5_

3.5_

5_

1.0_

1.0_

o.5_

0.9_

Contributing

Ions

Hell, SiXI

CIII

Hel

Hel

FeXl

Hell, SiX

0 II, O III

loni2_tion Potential

54.4 eV, 476 eV

47.9 eV

24.6 eV

24.6 eV

290 eV

54.4 eV, 401 eV

35.1 eV, 54.9 eV

Log. Temp. of max.

abundance of ion*

4.9, 6.2

4.75

4.5

4.5

6.1

4.9, 6.0

4.4, 4.8

* Mostly taken from Jordan [1969]

It may be seen that the 304_ line peaks on March Ii and the i175_ line peaks on March 21. Each

of these peaks may be identified as originating from different plages, McMath-Hulbert regions 618

and 641, respectively, by comparing EUV flux variations with X-ray'and radio flux variations and

positions, and plage and sunspot positions using the ESSA Solar-Geophysical Data [1970]. These two

lines are primarily formed at similar temperatures and so would be expected to vary together. How-

ever, CIII has triplet and singlet states, and the i175_ line upper level is populated from the

triplet metastable pseudo-ground-state, and has an extra density dependence [Jordan 1971]. It ap-

pears that Region 641 is denser than Region 618 at their times of maximum activity.

Earth's Upper Atmosphere

By monitoring the HeII 304_ line at satellite dawn and dusk, profiles of transmitted flux versus

probing point height were obtained. (The Probing point is defined as the point of minimum height

above sea level for the central solar ray to the satellite.)

L_

Theoretical profiles of transmitted 304_ through the upper atmosphere versus probing point

height were calculated using the Spring/Fall models from the US66 Standard Atmosphere Supplements,

together with the absorption cross sections of molecular oxygen, atomic oxygen and molecular nitro-

gen to 304_ given by Huffman [1969]. (They are 17, 9 and 12 megabarns, respectively.)

Exospherie Temperature is the parameter used in the US66 Standard Atmosphere Supplements to

describe the height density relation of the model composition. The observed profile was referenced

to the theoretical Drofile_ _na hpnr_ _n _wn_nh_r _n_o_ ...... A _+.,_ ...._ _^-._-_-. _ ......... _ .......... _ ........... o_._=_u u=v_=L_u_, were derived.

The referencing of the observed to theoretical profiles was restricted to the regions of .3 and .8

transmitted relative intensity.and thus to a height range of approximately 300 km to 400 Pan.

Figure 2 shows exospheric temperatures at satellite dawn and dusk computed in the above manner

for time period of February 28 until March 16, 1970. The ± o levels for each exospheric temperature

point are included. The latitudes of the probing points for sunrise and sunset are shown and for

comparison purposes the 3 hour Kp indices are plotted.
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"Physical Models of l_o Plage - Associated X-ray

Emitting Regions during the Period March 1 to 14_ 1970"

by

P. R. Sengupta

Department of Electronics

I.I.T., Kharagpur, India

A large number of X-ray flares were associated with the NcMath plage regions 10607 and 10618

during the period March 1 to'March 14, 1970.

Physical data of the 0-20_ X-ray emi_:ting regions associated with these two plage regions cal-

culated from the daily 9.1 cm. Radio-Spectroheliograms made by Stanford University, Radio Astronomy

Laboratory, and published in Solar-Geophysical Data, NOAA, Boulder [Number 309, Part I, 1970], em-

ploying the empirical relation developed by the author [Sengupta, P. R., 1970] are listed in the

first three columns of Tables 1 and 2. Tima x is the maximum emission temperature, nemax the maximum

electron density and 'y' the total emission measure of the region. The decay of the active region

associated with Mc_ath region 10607 and growth and decay of the active region associated with McMath

region 10618 are evident from the calculated data. In column 4 are listed the total 0-20_ flare

energy, E(0-20_), emitted from the region during the day. I(0-20_) listed in column 5 are the emit-

ted flare energy per unit emission measure, The daily E(O-20_) values and the ratio of the 0.5-3_

and i-8_ flux, F(0.5-3_)/F(I-8_) are obtained from the reported X-ray flux values from the NRL ex-

periment on SOLRAD 9. In some cases extrapolation became necessary for computing E(0-20_) as the

_ata are not always continuous for all the flares. The X-ray flares associated with the regions are

identified from their coincidence with the optical flares from the regions. The daily flux ratio

listed in the tables is for the hardest flare of the day. The F(I-8_) values used are corrected for

the spectral distribution.

Date Tima x

Mar. (106 OK)

2.0

2.0

1.9

1.8

1.8

1.8

1.7

1.6

1.6

Table 1

Calculated and

Er0itting Region

ne
max

(109/cm 3)

Pbserved Physical Data for 0-20_

_sociated i;ith McMath Region ].0607

E(0-20_)

(]0 s0 erg)

F(0.5-3_)

F(1 - 8%)

4

4

3

2

2

2

1.5

1.0

1.0

5

7

4

2.5

1.5

1.3 .....

1.0

1.0

0.5

4.2

5.9

2.8

1.4

0.85

0.76

0.50

0.42

0.22

8.4

8.4

7.0

6.0

5.8

6.1

5.0

4.2

4.4

i0

i0

8

6

8

5

5

X i00

The flare X-ray emission is seen to be closely related to the calculated ph[sicai data of the

emitting regions. This agreement is significant. In Figure i, the daily I(O-20A) is seen to be

exponentially related to the calculated Tima x and nema x values in case of both the regions. But

the slopes are different for the two regions, a s also the I(0-20_) from the two regions for a given

value of Tima x and nema x. This shows that while for an individual region log I(0-20_) is directly

proportional to Tima x or nemax, the quantity of flare energy is also dependent on other parameters

like the location of the regions and the associated magnetic fields, etc. It is interesting to note

that the non-flare X-ray emission, on the other hand, has been found to be dependent only on Ti and

ne [Sengupta, P. R., 1970].
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Table 2

Calculated and Observed Physical Data for 0-20_ Emitting

Region Associated with Mc}lath Region 10618

ii_ate

3

4

5

6

7

8

9

.'0

II

12

13

14
i

Tim_

(106 OK)

1.9

2.0

2.05

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

nemax

(i09/cms)

3

4

4.5

5.0

5.0

5.0

5.9

5.0

5.0

5.0

5.0

5.0

Y

(i0_8)

E(0-20_)

(103o erg)

6

12

20

17

16

16

14.0

7.0

7.0

7.0

2.0

2.0

0.56

1.4

2.8

2.7

2.4

2.5

2.1

i.i

1.05

0.95

0.28

0.28

0.91

i. I0

1.40

1.60

1.50

1.55

1.50

1.56

1.43

1.40

1.40

1.40

F(0.5 - 3_)x i00

F(I - 8_)

5

6

6

6

6

6

6

According to existing models the ma_or part of the flare-emission in this wavelength region is

ti_ermal emission, i.e. due to flare time heating of the emitting plasma. For a ,thermal spectrum,

I (0-20_) _ C exp(-7.0/Tif)

"_he value of constant C depends on the physical property and the v.olume of the emitting plasma.

"fir is the flare emission temperature. The exponential relation between I(0-20_) and Tima x or

nCma x makes Tif directly proportional to Tima x or nema x of the region.

The temperature and electron density are not uniform over the region. The computed temperature

and electron density distribution in the active region associated with M_Math region 10618 on March

6 are shown in Figure 2. This was the day of peak activity for the region (see Table 2).

C?.nclHudin$ Remarks

The physical model of the 0-20_ emitting regions derived from the 9.1 cm spectroheliograms using

the method developed by the author are consistent with the flare emission from the region.

, c,_nowl edsement

The author is grateful to Dr. R. W. Kreplin of the Naval Research Laboratory and Miss J.

Virginia Lincoln of the World Data Center-A, Upper Atmosphere Geophysics, NOAA, Boulder, for the

X-ray flux data.
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"Solar X-Ray Emission March 5-10, 1970" I

by !
° _

D. M. Horan and R. W. Kreplin !
E. O. Hulburt Center for Space Research !

Naval Research Laboratory

Washington, D. C. 20390 i

During the period March 5-10, 1970, the Naval Research Laboratory's SOLRAD 9 Satellite (Explor-

er 37, 1968-17A) provided solar X-ray data which are sufficiently continuous to say that no major

solar X-ray event escaped detection. Gaps in the data due to satellite night do not exceed 35 min-

utes in duration and it is unlikely that a major solar event could completely run its course in so

short a time.

Figures 1 through 6 are plots of the solar X-ray energy flux vs. time during the period of in-

terest. In each of the plots the top curve represents the solar X-ray emission in the 8 to 20

band, and the next lower curve represents the solar X-ray emission in the 1 to 8 _ band. In both

cases a gray body solar emission spectrum with a 2 x 106 K color temperature was assumed in convert-

ing from ionization chamber current to energy flux units. The third curve from the top represents

emission in the 0.5 to 3 _ band assuming a gray bod_ spectrum with a I0 x 106 K color temperature

for the emitting solar region. Since the 0.5 to 3 A band solar emission is generally below the

threshold level of the detector, the curve representing these data will be quite intermittent.

The X-ray emission is plotted in units of ergs/cm2/sec on a logarithmic scale. The abscissa

is linear with the integers denoting hours in Universal Time (UT). Charged particle interference

with the X-ray detectors, which can cause the plotted flux levels to be higher or lower than the

actual flux, is indicated by the lowest data curve. The ionization chamber current caused by the

charged particle background is digitized and recorded as a "count." The number of "counts" is lin-

early related to the current generated in the 0.5 to 3 _ ionization chamber by penetrating charged

particles when the detecto_ is facing away from the sun. Counts of l0 to 15 indicate no particle

interference with the detectors. Counts of 20 to the maximum value of 127 indicate increasing a-

mounts of particle interference. However, the data processing computer program does not plot data

obviously contaminated by particle interference, and this feature causes randomly spaced data gaps

of 30 minutes duration or less.

The record ol X-ray emission for March 5, Figure 1, sbows hSgh background levels 5n the 1 to 8

a11d 8 to 20 _ band throughout the day and several Class M flares. (NOAA's Space Environment

Services Center has defined a flare whose flux in the 1 to 8 A band exceeds 1 x i0 -2 ergs/cm2/sec

as a Class M event.) The first Class M event began at about 04].7 UT and corresponds to a Class IB

H-_ flare located at S15 E71.* The second Class M flare, which had the largest peak flux and the

longest duration of the day's events, began a few minutes later and corresponds to a Class IN H-_

flare at NI5 W86. Other Class M events achieved peak flux levels in the 1 to 8 _ band at 1207, be-

tween 1615 and 1655, and at 1914 UT.

The background levels in the 1 to 8 _ and 8 to 20 _ bands remained high throughout March 6,

Figure 2. _ A Class M flare emitted peak flux in the 1 to 8 _ band at 0940 UT, followed by another

event which emitted peak 0.5 to 3 _ band flux at 1005 UT The plot shows that the 1 to 8 _ band

flux exceeded ixl0 -2 ergs/cm2/sec between 1230 and 1430 UT and, although the plot indicates that

there were two distinct Class M events, gaps in the data due to satellite night prevent precise

identification of starting and peak times.

The data for March 7, Figure 3, also show high background levels throughout the day with sev-

eral Class M events. The first Class M event emitted peak flux in the 1 to 8 _ band at 0].56 UT.

Two other events were above the Class M threshold level as the satellite emerged from the Earth's

shadow at 1129 and 1625 UT, but their beginning times and peak values do not appear on the plot.

The path of SOLRAD 9 never crossed regions of total of partial solar eclipse, and therefore the

data were completely unaffected by the _lipse.

Figure 4 shows that the background emission remained at a near high level throughout March 8

with many small events occurring. Only one event, which began at 1930 UT, could be rated as a

Class M X-ray flare. The data for March 9, Figure 5, show moderate to low background levels and no

significant X-ray events. Moderate to low background levels _ersisted throughout March i0, Figure 6.

A single Class M event occurred with peak flux in the 1 to 8 A band emitted at about 0740 UT.

In summary, the solar X-ray emission during the period between March 5 and March i0, 1970 was

not unusually interesting. About a dozen flares qualified as Class M events, but not one could be

considered a major solar event.

* All references to H a Flare Class and location on solar disk were obtained from "Solar-Geophysicai

Data", No. 308 Part I, April 1970, U.S. Department of Commerce, Boulder, Colorado, U.S.A. 80302.
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5. SUDDEN IONOSPHERIC DISTURBANCES

"Sudden Ionospheric Disturbance Sun_nary from WDC-A Archives"

by

J. Virginia Lincoln

Aeronomy and Space Data Center

National Oceanic and Atmospheric Administration, Boulder, Colorado

SID events for March 6 - 8, 1970 as published in "Solar-Geophysical Data" are repeated here for

the User's convenience.

Mar.

1970

. Universal

Start End

06 0933

06 I]44U

07 0145

07 0620

07 0633

07 0723

07 0841

07 0918

07 1123

07 1603

07 1843

08 0655

08 1609

08 1930

08 1950

08 2205

08 2254

Time

Max

1033 0938

1355U 1248

0202 0158

0724 0645

0635

0733 i0727

0852 0844

0933 0924

1208 1].33

1644 1622

2000 1930

,f
0715 j 0702

1658 I 1625

2220 [ 1943

Wide

Spread

Imp Index

3 5

3 3

2 5

1 i

i 3

I- 3

1 1

1 i

2 3

2+ 5

1 1

i- 1

i- 3

i 5

2050 I 2000 I 3

2255 i 2208 1 1

23jf_j2300 --!_. 3_2__.

Number

SWF

5

1

2

of Station

SCNA SEA SPA

2 7 4

2 2

8

i

1 1

1

1 5 3

5 7 1

2

4

2

1

i 2

i_orts by

LF-

SPA SES

2

6 6

2 2

1

1

]

1

1

]

Kno_a_

Flare_ Region, I

0931 x-ray

NF

0140 ii0614

0625 10618

0632 10618

0723E 10607

0840 10614

0917 ]0607

1121 10618

1601 10618

1841 ]0607

0657 10614

1607 10618

1925 10614

]952E 110614

2203 i iO607

2250E 110614 i

)
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"Multi-freouency Radiowave Observations of SID events durin$ 1 - 6 March_ 1970"

by

T. B. Jones and R. E. Evans

Physics Department

University of Leicester

United Kingdom

Introduction

Two distinct types of ionospheric disturbance are associated with solar flare activity. The

first is produced by an enhancement of solar ionizing radiations and results in a rapid change in

the electron density distribution known as a sudden ionospheric disturbance (SID). Some i0 to 20

hours after an SID a further disturbance sometimes occurs as a result of the solar particle emis-

sions during the flare. This second type of event is usually long-lived and often results in iono-

spheric and magnetic storm activity. Radiowave observations of events of this latter kind during

March 1970 are described elsewhere in this report (page 247).

Sudden ionospheric disturbances can influence the propagation characteristics of ionospheri-

cally reflected radiowaves throughout the wide frequency range from about i0 kHz (VLF) to 20 MHz

(HF). The object of this paper is to present simultaneous observations of the effects on VLF, £F

and HF propagation of some of the SID events during 1 - 6 March, 1970.

Radiowave Observations

At VLF the phase and amplitude of signals received over both long and short propagation paths

have been recorded at Leicester. Since SID effects can differ on the two types of circuit, the

phase records for both the short 16.0 kHz GBR (Rugby) and ].9.6 kliz GBZ (Cr_ggion) to Leicester paths

are presented together with those for the long 12.0 kHz Trinidad to Leicester circuit.

Measurement of the total field of the LF (272 kHz) transmission from Uherske - Hradiste

(Czechoslovakia) indicate that both ground and sky waves are received at Leicester. The effects

of SIDs can readily be detected since the changes which occur in the sky wave path produce 'beat-

like' oscillations in the received field strength.

'1_o types of propagation anomaly have been recorded on HF transmissions due to flare eahanced

ionization. Increases in the D-region electron density resulting from the enhanced flux of solar

x-rays in the wavelength range i - i0_ produce attenuation of waves passing through the regiofi to

be reflected at higher levels in the E and F layers. On occasions the effect can become so great

that the signals are totally absorbed and these events are therefore termed short wave fadeouts

(SWF). Changes can also occur in the electron distribution in the E and F regions due to _lare

increases in long wavelength x-rays and some EUV line emissions. As a consequence, the reflection

levels of HF transmission will vary and small 'Doppler' like frequency shifts (SFD) will be observ-

ed in the reflected signals. The magnitude of the Doppler shift will depend on the rate of change

of the reflection height. Only one SFD was detected during the flare activity of 1 - 6 March, 1970.

A summary of the transmissions monitored is presented in Table i.

Table I .......

Frequency

12.0 kHz

16.0 kHz

19.6 kHz

272 kHz

6.09 MHz

7.0 MHz

Transmitter Path Length Parameter SID

Location km Monitored Effects

Trinidad

Rugby UK

Criggion UK

Uherske-Hradiste

Czechoslovakia

Luxembourg

Weybourne UK

7200

28

130

1400

610

160

Phase and

A_plitude

11

Total field

Absorption

Doppler

110

SPA SES

,, I!

Beats

SWF

SFD
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E_erimental Results

Observations are available throughout the disturbed periods of early March, 1970, and the re-

cordings for three of thes% days are reproduced, as examples of the effects observed. The records

for i, 5 and 6 March have been selected since they illustrate a wide range of SID events.

March I_ 1970

Four large SIDs produced disturbances on all the transmissions monitored as illustrated in

Figure i. The first event commenced at about 0936 UT and SPAs are evident on both long and short

path VLF transmissions. An interesting feature is the marked difference in the rate of phase re-

covery observed on the Trinidad and GBZ paths. At LF the characteristic quasi-sinusoidal beat pat-

tern was observed on the field strength recording. The HF (6.09 MHz) record indicates a typical SWF

event with a sudden fall in signal strength, the period of low signal being followed by a rapid re-

covery to the pre-flare level. This flare was the only one during the 1 - 6 March which produced an

SFD and it appears therefore that large enhancements of solar radiations ionizing at E and F region

heights occurred only during this flare.
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Fig. i. MultJ-freq_ency radiowave observations of SIDs for March i, 1970

(broken lines represent normal diurnal variations).
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The second SID is a long-lived event starting at 1104 U_. The VLF phase records show that the

disturbance persists until about 1350 UT and that marked structure is presenu with phase minima at

1120 and 1140 UT. In contrast to the first SPA the phase recovery times on both VLF transmissions

are identical for the event. The LF recording shows little effect and no SFD was observed. Short

wave fadeout conditions persisted from ii00 to 1248 UT. There is an interesting increase in signal

level at the start of the lIF disturbance between ll00 and lllO UT.

The SID at 1400 UT is a typical small event and its effects are evident on the 12.0, 19.6, 272

and 6090 kHz transmissions. The final disturbance commenced at 1530 and is similar to the event of

]104 UT. Structure is evident in the SPAs on both VLF frequencies and also to a smaller extent in

the S_ event. Maxima in the phase disturbance are evident at 1536 and 1610 UT and the phase of both

circuits has returned to its undisturbed level by about 1645 UT. The LF total field strength is dis-

turbed throughout the period 1532 to 1630 UT. The SWF is of considerably shorter duration than the

SPAs, and although there appears to be a secondary minimum at 1540, normal conditions have returned

by 1545 UT.

_larch 5, 1970

During this day two SID events were observed, as shown in Figure 2, but neither produced SFDs.

]he SID commencing at 1200 is a typical small disturbance and has no special features apart from the

different recovery times of the long and short path SPAs.

The second SID which starts at 1618 UT is a large event, the VLF phase anomaly persisting until

about 1840 UT on the Trinidad transmission. Events of this duration (140 mins.) are rather uncom_on.

The SWF event is again characterized by a rapid fall in signal strength to a fairly constant level

which is maintained throughout the main phase of the flare. There follows an extremely fast recovery

to the no1_al undisturbed signal level at 1645 UT. Once again the SWF event is considerably shorter

than the VLF phase anomalies.
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Fi<_. 2. Multi-frequency _-adiowave observations of SIDs for )Áarch 5, 1970

(broken lines represent normal diurnal va_iatidns).

112



1!

L_

•!!

i

I]

_G,,'°'_l_-I:;ll_]_)Le,',".--_'tt_,lj]i -1; t111 <........_,,.:7itl , = I ,-o,

I
i C_I- blEiCE$TETI

ill _" 7 k '=l Ill7
i 34 _il I '-_il .... _ 14

,°._,__ O$ 0 kxzl

_ o, o_

o

o.o .... 1__ ......_.___, .... __ ..... ,_________. , , . I oo

Fig. 3. Multi-frequency radi0wave observations of SIDs for March 6, 1970

(broken lines represent normal diurnal variations).

March 6, 1970

The experimental observations are reproduced in Figure 3 and this day is of particular interest

since a rather rare type of SID was recorded. The first event at 0934 UT is a typical SID and has

no unusual features apart from the second minimum in the HF signal strength recorded at 0958 UT.

The second event starting at 1158 UT is however of considerable interest. The VLF observations in-

dicate a very slow phase advance in contrast to the rapid onset usually associated with SPAs. The

minimum phase is reached at 1254 UT, i.e. about 50 mins. after the start of the disturbance. There

is some indication of a second maximum at 1330 UT on the 12.0 kHz transmission, but this is not

clearly defined on the GBZ record. The phase recovers to its undisturbed value at about 1540 and

1610 UT for the 16.0 and 12.0 kHz transmissions, respectively. Thus, the phase disturbances pro-

duced by this SID last for over four hours. No LF or SFD effects were detected which is consistent

with the absence of a sudden change in the electron density profile. The slow rate of phase change

indicates a slow rate of enhancement of the solar x-ray spectrum, although this cannot be confirmed
as di_-ect -_ ....... " _ _ +_u_.:.,=_v_,_'_Ono _ _.._ _°_........_-_v, _f1,,_ h_ve not _vet been published. The HF amplitude de-

crease is again of much shorter duration than the VLF phase anomalies. For comparison the average

diurnal amplitude v'ariation for early March is superimposed on the HF signal strength record (dashed

curve in Figure 3). The signal starts to decrease at 1200 UT and very low levels are recorded from

1224 until 1334 UT. In contrast to the other SWFs reported in this paper a gradual increase in

signal strength takes place from 1334 until 1417 UT when the signal returns to its undisturbed level.

This result suggests that the flare enhancement of the solar radiations which ionize at heights where

the absorption of the HF signals occurs does not persist as long as the enhancement of penetrating

x-radiations which ionize at the reflection levels of the VIA waves. Alternatively, the recombina-

tion coefficients at the respective levels could differ considerably giving a slower recovery of the

enh_.i_ccd io:i_zation at low levels in the D-region. ]hL.-- sea,ms ]:ather unlilce]y, but more de[Jnite

conclusions wi]] have to await the publication of direc_ observations of the flux changes i:_ the

solar ionizing radiations.
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Conclusions

Grourldbasedobservations of SID events have been made simultaneously using a wide range of

frequencies (VLF to HF). The data indioate the different responses of the various types of propaga-

tion to the flare enhanced ionization aad emphasize the importance of multi-frequency experiments

for studies of SIDs.

Three flare active days are discussed during which some typical and one rather rare type of

SID events were observed. No attempt has been made to interpret the disturbances quantitatively

in terms of electron density variations, but this will be undertaken as soon as the relevant solar

x-ray data become available.
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"Onthe SID Activity of early March 1970"

by

P. Triska and J. Lastovicka

Geophysical Institute

Czechoslovak Academy of Sciences

Prague, Czechoslovak

A high SID activity was observed during early March 1970 according to the data from

Panska Ves Observatory (50°32'N, !4°34'E) of the Geophysical Institute, Prague. Except March 4,

at least one SID event per day occurred from 1 to 7 March. The following types of SID's have

been monitored:

SWF events on field-strength records (A3 method) made at 2614, 2775 and 6090 kHz,

the transmitter-receiver distances being about 610, 520 and 610 km, respectively.

SFA events (sudden field anomalies) at 155 and 164 kHz; these are indirect measure-

ments of the phase reflection height recognized from the interference between

the ground wave and the one-hop sky wave; the transmitter-receiver distance for

both paths is about i000 km.

SEA and SDA (sudden decrease of atmospherics) events occurring on the integrated

-- atmosp--heric-noise level at 27 kHz and 5 kHz, respectively. No SDA was detected

during the period under consideration, as it is usual for March and April

[Triska and Lastovicka].

Table i gives a list of all SID events from i to 14 March. Table 2 contains some more detailed

data on the events from March 6 and 7.

3ate

_ar.

• 2

1

14

3

5

6

Table 1

Start Max End Importance

UT UT UT

0810 0832

0938 0941 1023

1106 1140 1300

1400 1404 1448

1531 1536 1600

0736 0746

0910 0949

1032 1035 1051

ii01 1152

1340 1359 1517

0847 0856 0909

1202 1210 1252

0933 0942 1112

1220 1425

1123 1133 1223

1607 1622 1654

1201 1218

1

3

2

2

2

The sudden ionospheric disturbance which started at 0936 UT on March 6 was one of the strongest

events observed during March 3970. Its t_ne development correlates very well with the X-ray flux as

measured by the SOLP_iD-9 satellite (1- 8 % band). This solar flare caused a typical strong SID

event (.Figures 1 - 4). The SWF at 2775 kHz started suddenly, the field strength went rapidly down

to zero (to the receiver noise level, i.e. about 0.5 _ input voltage), the recovery phase being

interrupted at 1155 UT by another slowly starting SWF event. Very typical are also the other three

events, i.e. SEA at 27 kHz and SFA at 164 and 155 kHz. SFA's were caused mainly by the decrease of

the sky wave reflection level, by a_out 9 km in this case. Figure 5 shows the phase-height daily

variation derived from the 164 kHz fie]d-strength record. Finslly_ Figure 6 shows the diurnal

variation of ionospheric absorption (A--3 measurements at 6.09 M_iz) with pronounced maxima of the

SWF events. 115
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! o c SID

16090 kHz

_ i SWF

2775 kHz

i S_,,T
I
1'2614 kttz

SWF

] 64 kHz

S FA

] 55 kt!z

SFA

- / KHZ

SEA

Reflec-

tion

point

50°04'N

10°20'E

52°27'N

12°27'E

52008'N

II°00'E

49°00'N

08°OI'E

48°13'N

20°20'E

Table 2

6 March

Universal Time Universal Time

Start Max End Imp Start Max End Imp
+__

0936 0942 1036 3

0935 1037 3

C

0933 1025 3

0933 1021 2

4 dB

7 March

1220 1425

Universal Time

Start Max End Imp Start Max End

Universal Time

Imp

2 1123 1133 1156

E 1123 1145

C 1123 1147

Q

Q 1123 1150

N 1123 1142 1223

A = 2.5 dB

Q

Q

1605 1628 i

1607' 1622 165'4

A = 3 dB

Remarks: The time is UT. N - no effect; E - large increase of absorption, time develop-

ment not clear; Q - small or nearly no effect; C - measurement can not be

evaluated for technical reasons.

r

I

Fig. i. Shortwave fadeout at 2775 kHz, start 0935 UT on March 6, 1970.

On the contrary, the afternoon effect on 6 March between about 1220 - 1425 UT was a non-typical

one, with a slow commencement and of a relatively long duration. The HF absorption on 6.09 >fl{z as

+;hown in Figure 6 reached again nearly the same maximum value of about 43 dB. llowever, only a slight

effect can be found on LF records of 155 and 164 kHz signals, and also no SEA at 27 kHz was detected.

Thus, it can be concluded that this second SID event affected mainly the upper part of the D-region.

This seems to correspond to the satellite X-ray data [Solar-Geophysical Data] that show much softer

X-ray spectrum for this latter event compared with the former one at 0935 UT.

On ?tarch 7, also two SID events were detected at Panska Ves, the principal data of which are

+:i'.ua in Table 2 above. The event at 1605 UT occurred at a solar zenith angle of more than 80 °
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Fig. 2. Sudden field anomaly at 164 kHz, start 0933 UT on March 6, 1970

I

Fig. 3. Sudden field anomaly at 155 kHz, start 0933 UT on March 6, 1970.
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Fig. 4. Sudden enhancement of atmospherics at 27 kHz, start 0936 on
March 6, 1970.
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Fig. 5.
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I(UT'LMT)

Phase-height daily variation derived from the 164 kHZ field-strength

record (indirect phase measurement) on March 6, 1970. Dotted curve

denotes the approximate quiet-day variation.
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Fig. 6. _-absorption at 6.09 MHz on March 6, 1970. Shortwave fadeouts started

at 0936 UT and 1220 UT. The zero-level of absorption is a provisional

reference level only.

for all reflection points of all paths used and therefore it is marked either only slightly or not

at all, i.e. at 164 kHz _ = 81 _) SFA could be found whereas the 155 kHz path (X = 86. 6_) was not

influenced. "......
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"Atmosphericsand SEA during the Period 1970 March 4 - I0"

by •

, V. Barocas •

Wilfred Hall Observatory

Preston, England

At the beginning of the month of March the general level of atmospherics, as recorded at 27

kHz, began to show some signs of increase. The previous two months had been generally quiet with

a rather low level of atmospherics and with the occurrence of only 4 SEA, two in each month, none

showing an index of importance greater than I.

In the first two days of March, 3 SEA were recorded and after that, on March 4, the level of

atmospherics began to increase and by March 5 had increased by 3.52 dB. During this particular

day two SEA were recorded, both having an index of importance 2. These two events were widely re-

corded as the first was reported by 5 stations and the second by 7 stations.

Following this activity the level of atmospherics remained the same on March 6, but a rather

large SEA of importance 3 was recorded by 7 stations. This SEA was not only of high intensity but

was also of lon B duration and appeared to be related to a solar flare observed at the time. Fol-

lowing the decay of the SEA the level of atmospherics remained fairly high for the rest of the day,

showing an increase of 4.40 dB on the level before the SEA occurred, and an increase of 7.96 dB

on the level measured on March 4, that is at the time before the onset of the increased activity.

By March 7 the level of atmospherics was once again back to the value as on March 4. Never-

theless, on the same day two SEA were recorded, the first was reported by 5 stations and the second

by 7 stations. After the events of March 7 the general level of atmospherics decreased and very

little activity was detected for several days.

)
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Table I summarizes the data relating to SEA recorded at our station during the period Harch

5 - I0.

Table 1

Date

Mar.

1970

5

5

6

7

7

I SEA

Beg. Max. End

(UT) (UT) (UT) "

1200 1212" 1300

1620 1630 1730

0933 0940 1115

1].24 1135 1215

1610 1618 1720

Max.

(dB)

6.15

6.61

8.30

3.11

6.18

Imp.

2

2

3

2

2+

I Time of

A known flare

.___d_ X_____!t) (U_)

369.0 i 1157

462.7 1615

846.6 0931

149.3 1121
t

432.6 1601

I NcMathPlage"

I _',L_io::

X-ray I

10618 i

X - r_ 1

10618 I

10618

The index of importance of an event is still a very empirical quantity and is subject to th,_

estimate of the observer. In Table I the index of importance quoted is that obtained from th_

"Solar-Geophysical Data", because these are considered to be much more satisfactory than an Ir_-

dividual estimate, since they are based on all the values given by reporting stations.

I

At our _bservatory we have been trying for some time to find some less empirical system _:,:

could give us more homogeneous results. Bearing in mind that the importance of an SEA dt.;_cnJ_, _ ''

on the maximum intensity and on the duration of the event, we have adopted a system of us::_x = _:1

A which is the product of the maximum intensity expressed in dB , relative to daily aver_g,_ ,._i-:.

by the duration in time expressed in minutes. These values A are given in Table 1.

flares and the SEA over the three days under consideration. From our investiBatio:_; th,: . :" *:

is not generally as strong as this, particularly in the case of flares of importance ]_:_, _ '

The other point which is worth noting is that the SEA reported in Table I have a:l _+_""

served by a considerable number of stations. Now from an earlier investigation we _ _!x_, _ *

few years ago, it appeared that generally the recording of one particular SEA by s_.w:_: _:_ "+''

occurred only when the SEA was associated with a large solar flare.
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6. SO]-AR WIND

"Vela 5 Solar Wind Observations during the Geoma&netic Storm of March 8_"

by

Michael D. Montgomery and S. J. Bame

University of California, Los Alamos Scientific Laboratory

Los Alamos, New Mexico

Vela 5 solar wind observations during the sudden commencement associated with the large geomag-

netic storm of March 8, 1970, showed the passage of an unusually strong interplanetary shock wave.

Flow speed, density, and temperature during the time of interest are shown in Figure i. Since the

angle between the satellite spin axis and the sun-satellite line was less than 35°during most of the

time interval shown, most of the protons missed the edge of the instrumental acceptance fan before

shock arrival preventing reliable determinatlon" of proton temperature. The.last _o_eliable proton tem-

perature measurements were obtained at 0930 UT when the tempterature was 1.5 x i0 K. Sample error

bars appear on those curves where uncertainties are large enough to be shown. The closely spaced

points are derived from data transmitted in real time--the widely spaced ones come from data stored

on the satellite. Solar ecliptic coordinates of the satellite at the time of the event were: lati-

tude, 19°; longitude, 340°; and radial distance, 18.4 RE_"

The estimated shock velocity, using values of flow speed and density on both sides of the discon-

tinuity of V I = 440 km see -l , V 2 = 860 km sec -£, n I = 5.5 cm -3, and n 2 = 13 cm -3, was 1150 km sec -I.

Assuming a p_eshock proton temperature of 1.5 x i0 _ °K, the sonic Mach number was 21--almost an order

of magnitude higher than typical. The dynamic pressure rise at encounter was very nearly an order of

magnitude. An integration of the energy flux excess (above ambient) over time yields a total energy

of _ 1032 ergs at 1 AU. This energy is mostly contained in a large, relatively narr_1 spike thus dis-

playing the characteristics of a blastwave. The event is energetic, but a factor of 3 less so than

the most energetic ones analyzed by Hundhausen et al., [1970] using Vela obse1_ations from 1965-1967.
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Fig. i. Vela 5A observations of solar wind bulk velocities, density and temperatures

on March 8, 1970.
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However, the Mach number is the highest yet measured by Vela spacecraft, and the total energy is hi_:.b-

er than usual for the total amount of mass in the disturbance. All 19 events studied by Huudhausen

eta!. [1970] could be characterized by a nearly constant energy-per-particle of 3 kev/nucleon, but

the average energy-per-particle in trois event is about 9 kev/nucleon.

The Vela nuclear test detection satellites have been designed, developed and flown as a part ol

a joint program of the Advanced Research Projects Agency of the U. S. Department of Defense and the

U. S. Atomic Energy Co_nission. The program is managed by the U. S. Air Force.
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"EnergeticElectronsandProtonsObservedo11 OGO-5, Narch 6-i0_ 1970'"

;I. I. West, Jr. J. R. Walton and R. M. Buck

Lawrence Radiation Laboratory

University of California

LJvermore, California

and

R. G. D'Arcy, ,Jr.

Bartol Foundation of the Franklin Institute

Swarthmore, Pennsylvania

_:t.rodt.,ction

At the start of the March 8 magnetic storm (m1418 UT) OGO-5 (!968-14A) had just exited from

the magnetosphere. It returned to the magnetosphere about the completion of the storm on March I0;

hen,'e, we were unable to observe the main phase effects of the storm. OGO-5 was, however, in a

positio_ 'to observe the accompanying solar particle event and the condition of the magnetosphere

at the completion of the storm. In March of 1970 the orbit of OGO-5 was at an inclination of

50.7 ° (was 31 ° at ]aunch March 4, 1968) apogee 20.5 R e and perigee 2.58 R e . Apogee was on the

;_orzling side of the earth at a solar ecliptic azimuth, _se' 311"9° and elevation, Xse , 33.0 ° .

'ihe orbital period was 62.5 hours.

n_trur, entetion

The._e deta were obtained by the LRL electron and proton spectrometer experiment on OGO-5.

The. electron analyzer consisted of two magnetic 180 ° first order focusing spectrometers. Solid

:;tare detectors in the focal plane provided both particle detection and secondary energy analysis.

!:h_elded background detectors provided am, accurate measure of the background. Data ;,,ere obtained

fr_--:_!energy ch.u_nels centered at 79, 158, 266, 479, 822, 1530 and 2830 kev. The proton data were

o},talned from a range energy telescope and single adjacent detector located in line with the aper-

ture of the lar_er of the electron spectrometer magnets. The energy channels.were 0.I0 to 0.15

:'.ev for the single detector and for the telescope 0.23 to 0.57 Mev, 0.57 to 1.35 Mev, 1.35 to 5.4

;!ev nnd 5.6 to 13.3 Mev. An alpha channel derived f_om the telescope provided a c,z_:.nol at 5.9 to

2!.6 Hey. 2n order to obtaiD directio, a! information on the earth-sun oriented satellite, the ap-

erture of the spectrometers Were scanned relative to the satellite at a rate of 3°/second through

an excursio_ of 230 °. The axis of the scan was about the radius vector passing through the center

_' the earth.

Electron Obsr.rvations

Figure 1 shows the time history of the lowest energy channel (79 kev) of the electron spectro-

:_:eter. At the lower counting rates, data were averaged for 9.6 minutes per data point and the

backgrounds subtracted. The residual flux observed just prior to the arrival of solar electrons

at ii00 UT March 6 is believed to be real. The electron fluxes were low and showed no obvious

anisotropy although there may be some evidence of anisotropy in the period 1200 to 2400 on March

6. The counting rates in the other electron channels were too close to background for us to show

ti_eir time history during the solar particle event. However, data averaging %0000 UT March 7 gave

a _-pectrum dN/dE = 6 x I06E-(3"}-+°'s) electrons/cmZ-kev-sr-sec. The integral above i00 kev is

3.8 _+.1 ._ i0 } e]ectrons/cm_-sec.

Magnetospheric entry normally produces a very obvious signature in the data; we find a marked

rise in the counting rates and scan modulation in the rates characteristic of trapped radiation.

Eult_ple entry occurred on March 7. In sequence we have entry at 2139 UT (R = 9.92, %m = -27.7 °,

L _ 12.73, _se = 342'8°, %se = -20"0°) exit at 2149 UT (9.74, -28.7 °', 12.75, 343.3 ° , -21.0 ° ) in

at 2225 UT (9.07, -32.5 ° , 12.85, 365.2 _, -25.1 _) and out and _,_-at _°°_ 1_,r_.........(_ _1, -_._°_ 12.89..

345.7 °, -25.9 ° ).

Just prior to the start of the storm on March 8, electron fluctuations (momentary gusts of

partlclec above an isotropic level) were observed 1320 to 1403 UT, coordinates (14.33, 48.9 ° ,

_3.27, 282.6 ° , 62.39 ° ) to (14.86, 46.7 ° , 37.6, 286.10 , 61.0°)- No special effects were observed

a_ the start of the storm at 1418 UT however.

]he entry in to the magnetosphere during the late recovery of the storm on March i0 was

s!gn_fic_.u.t, in Figure 2 we show the details of the entry near the front of the magnetosphere.

!b :_ '_:,:h_.,,, p_cked off t|,.cpeak fluxes Jn the scan nodu]_t.ed counti_g rat'.:s. There was a well

_ l'i_i_ wori" _:_s performed under the auspices of the U.S. Atomic Energy Connnission and NASA P.O.

5- _(lOl4G.
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6.9 IT.4 21.2 20.5 14.7 4.0
60 32 -13 10 -22 10

27.3 2&9 22.5 21.1 17.1 4.1
190 299 314 323 332 153

55 54 :38 23 0 5

4

6 12 18 24

15.9 20.9
35 22.

23.5 24.4
289 510
58 41

Fig. I. Observation of electrons in the 79 kev channel March 6-i0, 1970.
: The electron fluxes were averaged over direction.

defined entry at 0644 UT (R = 14.10, %m = -22.3°, L = 16.52, _se = 334"i°' %se = -9"6°)" The count-
ing spikes at _0535 (14.96, -21.9°, 17.39, 331.3°, 1.5°) show a signature somewhat similar to the
well defined entry at 0644; however interpretation as magnetospheric entry is quite uncertain.
There were drop outs in the scan modulated counting rates at 0738 UT (13.36, -22.5°, 15.74, 333.6°,
-4.5 °) and at 0831 UT (12.60, -22.8°, 14.96, 334.8°, -7.4°). In previous observations we have been
able to show that such drop outs were the result of magnetopause crossings through examination of
magnetometer data. Magnetometer data is presently not available to check this point. The observa-

_ .... at 14.1 R e ...........==w= uJ tile mag[tcLupaus_ prouau±y 13 li_ulC_tulv_ Ol a gr_aLiy inflated magnetosphere re-

sulting from the enhancement of the trapped fluxes during the magnetic storm. The magnetopause

crossing on the next orbit as shown by the electrons was at 0018 UT March 13 at coordinates (i1.31,

a32.2 °, 15.85, 334.6 ° , -13.1°). The outer magnetospheric regions on March i0 showed well developed

wave structure in the amplitude of the electron counting rates. The wave structure was also evident

on March 13. Electron spectra observed on March 10 are shown in Figure 3.
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Fig. 2. Electron observations in the magnetosphere on March i0, 1970.

The peak observed in the scan modulated counting rates provided Jl.

Proton Observations

The proton observations are shown in Figure 4. Prior to the start of the solar particle event

measurable fluxes of protons were observed in the lowest four energy channels. The fluxes were most

obvious in the lowest energy channel (0.I0 to 0.15 Mev) showing up as sharply directed fluxes (i0

to 20 degrees) coming from approximately the solar direction. Protons associated with the solar

particle event were first observed about 1800 March 6. The protons in general (when outside the

magnetosphere) showed a great deal of anisotropy. In an effort to show this we have resorted to a
bar graph superimposed on the average of the data, the bar showing the maxima and minimum. At the

lower counting rates the anisotropies were not particularly easy to observe so that only averages

could be obtained. Also, in general the anisotropy decreased at the higher energies. For P5 and
the _-channel the fluxes were too low to check on anistropy except on March 8.

The plane of the aperture scan was inclined at about 40 ° to the plane of the ecliptic when

OGO-5 was near apogee, and deviated from this during the rest of the orbit depending on the ele-

w_tion of the satellite relative to the plane of the ecliptic. The aperture scan did not always

include the solar direction. The angle of closest approach is given by O _in in Figure 4, denoted
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Eor Was to whetherthe aperturewaslookingto the eastor westat the timeof 0 min, Fort._._._,,_,,
at the start of the stormthe scancamec2oseto including the solar direction. At %1312U] F.._,,,_,
the proton fluxes at OGO-5 changed from isotropy to marked anisotropy. Isotropy is usually ob:,:_ ,

in solar fluxes observed in the magnetosphere. It is not obvious however that 1312 UT, Coord]::,:_

(14.21, 49,4 ° , 33.53, 281.8 ° , 62.5°), was the time cf a maguetopause crossing. Over the period f

the next hour there was a marked rise in the fluxes and in the anisotropy, this being most marh_d

at the lower energies. A significant jump in the counting rates was observed at %1418 UT the time

the magnetic observatories indicate to be the start of the storm,
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7. SOI_.RENERGETICPARTICLES

"}H!OS-A!Solar Proton (I < E _ 13 Mev_ E > 30 Hev_ E > 360 Mev)

and Interplaneta[ _netic Field Data for March 6-i0_ 1970"

by

A. Balogh, C. Dyer, A. Engel,

P. Hedgecock, R. Hynds and J. Sear

Physics Department

Imperial College, London

Introduction

The HEOS-AI satellite (1968-I09A) was launched from Cape Kennedy in December, 1968, into a

highly eccentric orbit. Apogee is 222,000 km, perigee _1800 km, and the period _i06 hours. The

inclination of the orbit is 44 degrees. During the period of the observations presented here, the

angle between the satellite and the earth-sun was approximately 84 degrees. The satellite spin-

axis was tilted at an angle of approximately 25 ° to the solar ecliptic plane.

The Imperial College Group hss 3 experiments on the satellite. A 3-axis, fluxgate, magneto-

meter, and 2 particle telescopes. The magnetometer has a range of ± 64y, and a sensitivity of

0.Sy per digitization step. Full details are available in Hedgeeock [1970].

One of the particle telescopes detects protons of E >360 Mev. It can also make an omni-direc-

tional measurement, when protons of E >30 Mev and electrons of E >i Mev are detected. The tele-

scope, which points radially outward from the satellite spin-axis has a geometric factor _7cm2sterad

and a viewing half-angle of _20 degrees. The ormnl-directional geometrical factor is _43 cm 2. The

detector and the method of directional measurement are fully described in Engel [1970].

The second telescope is designed_to measure protons in a nun_ber of energy ranges. The data we

present here is for protons of i to 13 Mev. This telescope also points radially outwards from the

satellite spin-axis. It has a geometric factor of 0.21 cm2sterad and an effective half-angle of

_35 degrees. This experiment is fully discussed in Balogh and Hynds [1970].

Interplanetary Observations

The data presented here cover the period 0000 hours UT on the 6th March to 2400 hours UT on

the 10th March 1970. All measurements are presented in the form of hourly mean values except those

for protons of E >360 Mev, which are shown as 6-hourly mean values. Representative errors are indi-

cated where appropriate.

The directional particle data is represented by averages of the radial pointing detectors.

Data from similar detectors pointing along the anti-spin-axis direction are not given. In the case

of protons of E >360 Mev it was not significantly different from that of the radial pointing measure-

ments. For protons in the i to 13 Mev range, overflow of the counting system causes the data to be

indecipherable.

Figure i shows the observations. The energy ranges of the various measurements are indicated.

During some parts of the period shown the satellite was inside the magnetospheric bow shock. The

crossing points of the bow shock are indicated on the magnetic field data.

Close to the maximum of the particle increase observed for the i to 13 Mev protons, some dif-

ficulty was experienced due to overflow of some of the data stores. However, by cross-correlation

between the 8 radial sector measurements we have confidence that we have correctly interpreted the

overflow. The period affected is indicated in Figure i.

The magnetometer experiment co,:t_ned a core store device. This showed the shock front ob-

served on the 8th to pass the satellite at 14hllm54 s UT. The magnetic field strengEh was observed

to increase from 13y to 33y in a sampling time of 1.4 seconds. At this time the satellite was at

a geocentric distance of 33.74 earth radii.
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"Observationo_ Energetic Solar Particles durini_ March 6-I0_ 1970"*

by

R. P. Lin

Space Sciences Laboratory

University of California

Berkeley, California 94720

and

K. A. Anderson

Physics Department and Space Sciences Laboratory

University of California

Berkeley, California 94720

We present here observations of energetic solar electrons and protons for the period March 6-10,

_070. These observations are from the University of California energetic particle experiment aboard
• II

IHP-5. Six Ge;ger-Muller detectors cover four integral energy channels for electrons and three in-

tegral channels for protons. In addition, two pairs of identical _M detectors are pointed at 90 ° to

each other to provide some directional information. The energy ranges covered are >18 kev, >45 kev,

>80 kev and >120 kev for electrons and >0.25 Mev, >1.5 Mev and >2.3 Mev for protons. Also, 3-20 key

aud 1-20 kev solar x-rays are observed by the El and E3 counters respectively.

An ionization chamber similar to ones flown on IMP-4, Explorer 33 and 35 completes the detector

co;:_plement. Table 1 presents the detector characteristics.

The data is presented in Figure i _n the form of hourly average count rates over the five day

period. Tilese can be converted into flux using the geometric factors given in Table i. Background

due to galactic cosmic rays is indicated by a B on each detector count rate scale. Except for the'

short intervals marked on the figure the fluxes are all solar in origin.

Table 1

! Detector

P1

P2

P3

E1

E2

E3

IC

Type of Detector

LND 705 GM tube

LND 7041GM

tube in scatter

configuration

LND 7041 GM

tube with AI foil

LND 7041GM

tube, thick

window

LND 7041GM

tube in scatter

configuration

LND 7041 GM

tube with

A1 foil

IMP-5 Detec

Window

0.5 mg/cm z

mica

1.5 mg/cm 2

nica

3.0 mg/cm 2

mica and

4.5 mg/cm 2

AI

13 mg/cm 2

mica

1.5 mg/cm 2

mica

2.7 mg/cm 2

mica and

4.5 mg/cm 2

A1

4" diameter 210 mg/cn_

spherical, Neher Aluminum

type integrating ! skin
I ionization ]

i_

:or Characteristics

Sensitivity

Electrons Protons X-ra_

>18 kev >0.25 Mev None

>45 kev -- None

>80 kev >1.5 Mev None

>120 kev >2.3 Mev 3-20

kev*_

>45 key

>80 key

None

>1.5 Mev 1-20

kev*_

>0.7 Mev >12 Mev _20

maximL_ kev

sensitivity

_17 Mev

Geometry

Factor

cm2ster

0.75

1.03

6.5xi0 -2

0.86

_80 cm 2

omni-

:lirec-

tional

Look I

_nglelAngle to

!FWHM __in Axis

40 ° 0 °

70 ° 0 °

70 ° 0 °

70 ° 90 °

70 ° 90 °

70 ° 90 °

** X-ray range -- 0.1% efficiency points

"ihis research supported in part by the National Aeronautics and Space Administration under contract

_:AS 5-909]. 132
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"Solar Protons and Alpha Particles in the March 6-9 t 1970 Events"

by

J. C. Armstrong and C. O. Bostrom

The Johns Hopkins University

Applied Physics Laboratory

Silver Spring, Maryland

This note presents proton and alpha particle data measured with solid state detectors aboard

the IMP-G (Explorer 41) satellite during the period March 6-.9, 1970.

The IMP-G satellite has an apogee of _28.5 Re, perigee of _250 km, and inclination of 84 °.

During the period of interest, the local time of apogee was _2000 UT; magnetospheric coordinates of

apogee are X _12 Re, Y _25 Re, Z _5 R e . Thus, the bulk of the data to be presented will represent

measurements in the evening sector of the tail and near the ecliptic plane.

Detectors

The portion of the Applied Physics Laboratory's experiment of primary interest here consists of

a single, thin (96 _) solid state detector inside a copper housin§. The field of view is conical,
with half-angle 30 _. The detector has a large active area (_2 cm ) and a relatively large geometric

factor of _1.7 cm2ster. There are two discrimination levels, one at 0.9 Mev, the other at 4.14 Mev.

From AE vs. E curves (and considering the effect of a thin light shield), the data from this detector

represent particles with 1 _Ep _i0 Mev (Detector 4A) and 4 _Ee _36 Mev (Detector 4B), or approx-

imately the same energy/nucleon for both protons and alphas. Each data point to be presented repre-

sents an accumulation time of 38.4 seconds (i.e., over %20 spin periods of the satellite; thus, elim-

inating any possibility of detecting anisotropies which might be present in the _article fluxes).
The statistical uncertainty in individual data points can be found'from (C/38.4)_, where C is the

counting rate plotted. For the proton 50 alpha ratios to be presented, this uncertainty is given by

1 (i_ 1 )½

38.4 Cp +_ times the ratio.

A detailed description of the Ep el0, _-30, and _ 60 Mev detectors is given in Solar-Geop_h!si-
cal Data (Descriptive Text), No. 306 (Supplement), February 1970, U.S. Department of Co_erce,

(_oulder, Colorado, 80302), and will not be repeated here.

We now consider several possible contributors to the background in detector 4B. The two most

likely are proton pile-up and penetrating protons which enter the detector edge and have a long path

length in the sensitive volume. For proton pile-up to cause counts in detector 4B, one of the fol-

lowing must occur: (i) _o protons with total energy of 4.14 Mev must have exact coincidence (least

favorable double coincidence situation), (ii) two protons with total energy greater than 4.14 Mev

have coincidence within some time t < T. T is a maximum when both protons have Ep = 3.0 Mev (maximum

energy which a proton can deposit in the detector) and a minimum when the energies are 3.0 and 1.14

or 7.5 Mev. Laboratory measurements with the IMP-G spare package, using a calibrated double pulser

with variable time between pulses, give values of T ranging from 30 nanoseconds for Epl , Ep2 = 3.0

and 1.2 Mev, respectively, to 145 nanoseconds for Epl = Ep2 = 3.0 Mev. These values of T represent

a 50% chance that the proton pile-up pulse will cause a count in detector 4B. The number of counts

in 4B due to proton pile-up is, thus, dependent on the proton spectrum to some extent. However,

calculations using reasonable proton spectra and various "effective" values of r indicate an essen-

tially negligible contribution to detector 4B count rates. The actual data taken during this event

support this conclusion. Radiation belt measurements with detector 4A count rates of _40,000 c/s

and detector 4B count rates of _40 counts/sec (at L _ 2.4, B _ 0.09 gauss) give a proton/alpha ratio

of _i000, in accord with previous measurements [Krimigis et al., 1968]. If for this case we assume

that all the detector 4B counts are due to proton pi!e-u p and use the simple coincidence formula

. . 9

C4B = ZTef f i_4A )-

we get

Tef f _50 nanoseconds

where we have assumed that half the counts in detector 4A are due to protons which could contribute

to pile-up. But even this value of T must be a considerable over-estimate, else we would not have

gotten a proton/alpha ratio in the radiation belts in substantial agreement with previous experi-

ments. Additional evidence comes from observing that at times the count rate of detector 4A is in-

creasing while that of 4B is decreasing even during periods of very high count rates for detector

4B (see, for instance, Figure 4 between 06-14 UT).
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Theotherareawhichmustbe investigatedbeforeconcludingthat 4Bcountsare indeeddueto
alphasis side penetrationof energeticprotonswith a long pathlengthin the detector. Sidepen-
etration requiresprotonswith Ep _30Mev. TheEn e30Mevprotonsshowa maximumincreaseduring
the eventsbeingconsideredof a factor of 3. For_thebackgroundrate for Epe 30Mev,detector4B
countrates are_0.I c/s, andif weattribute this entirely to penetratingprotons,it is seenthat
an increasein E e 30Heyby a factor of 3 cancauseamaximumof _0.3c/s in detector4B,whichis
negligible for d_tatakenduringthe event. Thus,weconcludethat detector4Bis indeedmeasuring
alphaparticles.

Data

Thehigherenergyprotonswill beconsideredfirst. Protonswith Ep_ 60Heyshowednodis-
cernablechangefor the periodof interest. For Ep_ 30Mev,therewasan increasein c.r. from
0.65c/s at _1424UTto 0.96c/s at _1912UTonMarch6, with a slowdecreaseto 0.8 e/s at _1800UT
onMarch7, at whichtimetherewasanotherincreaseto 1.6 c/s at %00UTonMarch8, followedby an
essentially uneventfuldecreaseto backgroundat %2030UTonMarch8. One-houraveragesof these
dataarepublishedroutinely in the Solar-Geophysical Data, U.S. Department of Commerce, (Boulder,

Colorado, USA, 80302); in particular, the data for the March 1970 period appears in the September

1970 (No. 313) Part II issue.

A time history of count rates for Eo _i0 Mey is shown in Figure 1 for the period of interest

(these data are also published in Solar--Geophysical Data, but only as 1-hour averages). Certain

relevant occurrences, such as boundary crossings, etc., are noted on the Figure. We point out that

the occurrence of a sudden commencement had little effect on the Ep e i0 Mev particles, in contrast

to the lower energy particles.

A time history of the protons with 1 _E _i0 Mev is shown in Figures 2a, 3a, and 4a. The Jn-

teresting oscillations in intensity from _01-_6 UT on March 7 are not correlated with large magnetic

disturbances on the earth. In contrast, the oscillations from _1400-1900 UT on March 8 are closely

associated with a sudden _ommencement and magnetic disturbances which reached a peak amplitude of

_4000y at the College, Alaska magnetic observatory.

A time history of alpha particles with 4 _E_ _36 Mev (i _E_/ nucleon _9 Hey) is shown in

Figures 2b, 3b, and 4b. Although the general behavior of these particles as a function of time is

similar to that of protons with 1 _ Ep _lOoMev, there are interesting variations when the two are
compared in detail. This is seen in Figure_ 2c, 3c, .md 4c, where we have plotted the ratio Jp(l

Ep _i0 Mev)/J_(l _ E_/nucleon _ 9 Mev) as a function of time. This ratio ranges from _30 to

260, in general accord with the results of Armstrong and Krimigis [1970]. The maximum occurs

with the satellite in the magnetosheath and rather late in the event, in exact coincidence with the

arrival of the sudden commencement.

As concluding remarks, we would like to make the following comments for this event:

(i) Protons and alphas with E _i Mev/nucleon might or might not be affected by the boundary

between the magnetosphere and the magnetosheath, apparently depending on interplanetary conditions

(compare, for instance, the periods 09-11 UT, March 6, and 07-10 UT, March 8, with the period 2000-

2230 UT on >_rch 7).

(ii) The plasma (shock) causing the sudden commencement for this event carried with it pro-

portionately more protons than alphas with 1 _E/nucleon _i0 Mev than were present at other times

during the event.
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ratio as a function 8f time for the March 6-9, 1970 events.
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"Proton_ Alpha and Bremsstrahlun$ Fluxes Measured Aboard 0V5-6"

by
# •

G. K. Yates, L. Katz and J. G. Kelley

Air Force Cambridge Research Laboratories

L. G. Hanscom Field, Bedford, Mass.

and

B. Sellers, F. A. Hanser and P. R. Morel

Panametrics, Inc., Waltham, Mass.

Satellite 0V5-6 (International designation 1969-046B) measures Solar fluxes of protons, alphas

and gamma rays. Its ephemeris for one revolution on 6-7 March 1970 is shown in Figure i. This

ephemeris is essentially valid for all revolutions during this event. Its orbital period was 3116.7

min.

The proton-alpha particle detector on OV5-6 consists of two totally depleted silicon surface

barrier detectors in a telescope configuration. The detectors each have a 2 cm 2 area and are sep-

arated by 2.54 cm. The outer one is 200 microns thick and the inner one 750 microns. The outer

detector is shielded from light by 0.6 mil of aluminum foil. In the coincidence mode of operation,

the telescope has a geometric factor of 0.52 cm2-sr, with a detection cone of 30 ° half angle. The

average angle of detection is 17 ° . A coincidence is set by an energy loss window on the first de-

tector and a threshold on the second detector. The resulting coincidences detect protons and alpha

particles (principally) in the following ranges: protons 5.3 to 8 Mev, 8 to 17 Mev, 17 to 40 Mev,

and 40 to i00 Mev; alpha-particles 20 to 32 Mev, 32 to 68 Mev, and 68 to i00 Mev. The telescope

cycles sequentially through these seven ranges, each range is counted and then read out. The com-

plete cycle is completed in approximately two minutes. Tile telescope looks in the equatorial plane

of the satellite. This pla_e was inclined about 45 ° to the earth-sun line during the March 1970

event. Since the spin period during this time was 4.8 seconds, the celescope accumulated counts in

a given particle energy range for approximately two satellite rotations.

The telescope also has a calibration mode which allows some lower energy proton data to be ob-

tained during high flux periods. Each coincidence count is fo!]ewed by a single count from one of

the detectors. The differential energy loss is measured in the 200 micron detector, and in the 750

micron detector the'integral energy loss is measured. The detectors alternate in readout. Thus,

each detector is read out once for each two coincidence count cycles (approximately 4 minutes) and

each read out covers seven points. The calibration mode count time is 1.8 seconds, and the detectors

sweep out about 130 ° during the count time. For this mode the 200 micron detector has a geometric

factor of 3.2 cm2-sr and provides information on protons in the energy ranges 1.25 to 1.4] Mev, 1.41

to 1.79 Mev, 1.79 to 2.71 Mev, 2.7 to 4.8 Mev, and 4.8 to 5.6 Mev.

Figure 2 shows 50 minute averages of the data from the four coincidence proton channels and the

lowest energy alpha particle channel. Fluxes are given in particles /cm2-sec-sr-Mev ; most gaps

correspond.to periods of no telemetry; a few points when the satellite is within the trapped radia-

tion belt are omitted. Figure 3 shows the time structure observed near 2000 UT on March 7. Each

point represents one coincidence mode measurement; successive points are about two minutes apart.

Spectra at certain times during the event are shown in Figures 4, 5 and 6. These include the

calibration mode proton data averaged over spin to make it comparable to the coincidence mode data.

The lower energy data have been corrected for the contribution by high energy protons and for back-

ground from a weak alpha source normally used to check the gain of the detector electronics. The

energy ranges are shown by horizontal bars, and where significant one sigma statistical uncertainties

are shown by vertical bars.

_- _ ........ _ .... (_ w-_=y _nd gamma) detector utilizes a 0.5" dia. x 0.5" long Nal (TI)

scintillator cemented to an RCA C70102M photomultiplier tube using a soft epoxy (Solithane), and

the entire unit encased in a machined nylon shell. The shell was cut out, except for three strips,

around the sensitive side area of the crystal to permit optimum X-ray transmission. This instru-

ment was furnished by T_#, Inc. The signals from the bremsstrahlung detector were input to a series

of four stacked discriminators to provide measurements of photons in the energy intervals 19.4 to

76.5 key, 76.5 to 232 kev, 232 to 1175 key, and all photons of energy greater than 1175 kev. The

outputs of the discriminators were input to log count rate meters which convert the count rate to an

analog voltage for telemetry. The omnidirectional geometrical factor is 1.89 cm z. The highest en-

ergy channel is also sensitive to electrons of energies greater than 1.83 Mev and protons of energies

greater than 17.2 _lev. Figure 7 depicts the observed fluxes in these energy intervals. No attempt

has been made to correct for possible cont_m[nations by Van Allen belt particles or high energy pro-

tons or electrons, e_xcept for the deletion of data points at perigee.
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"Temporal Variations in the I00 key to 8 Mev Protons Over

the Northern Polar Cap during the March 7_ 1970 Event"

by

_. R. Lindalen, K° Aarsnes, R. Amundsen and F. S_raas

Department of Physics

University of Bergen

Bergen, Norway

This paper presents preliminary results from the $71C experiment (University of Bergen, Norway,

and Danish Space Research Institute, Denmark) for the _ime period March 7 to March i0, 1970.

The experiment is flown onboard the ESR0 IA (Aurorae) satellite launched on October 3, 1968,

into a near polar orbit with inclination 940 , apogee 1533 km and perigee 258 km. During the period

considered, the satellite passed the northern polar region at an altitude of about 400 km. The

satellite is magnetically stabilized.

The $71C experiment employs three totally depleted surface barrier detectors, two unshielded

detectors, D1 and D2, and one background detector, D3, shielded by 0.3 mm of aluminum. The detec-

tors DI, D2 and D3 make the following angles with the satellite axis: 0 °, 90 ° and 45 ° . The orien-

tation of the detectors in the northern hemisphere is such that D1 detects particles that will be

absorbed in the atmosphere, wheras D2 detects particles that mirror at the satellite altitude. A

collimator restricts the solid angle of each detector to 0.074 sr. and the directional geometric

factor is 0.037 cm2sr. Magnets in front of the apertures sweep away electrons with energies less

than 500 kev. The detector output is analyzed in a six channel differential pulseheight analyzer.
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The different energy channels are counted sequentially taking two adjacent channels each time,

the counting period being 0.345 seconds.. A complete energy spectrum from all three detectors is ov-

_._ined every 3.6 seconds. A description of the instrument is given by S6raas e__tta_!l.[1969].

In order to study the time history _f solar protons, from each satellite pass i0 samples above

:nv_u-iant latitude 80 ° were averaged. The results are shown in Figure I, where the directional dif-

f_,rential flux of precipitating protons in the following energy channels (115-180) key, (210-350)

key, (475-880) key, (1080-2000) key, (2900-8000) key, are plotted versus universal time. Also plot-

t¢,d is the (7000-9900) channel from detector D3.

Between 2230 UT and 2400 UT on March 7, there was a sudden increase in the count-rate in all

t:nergy channels. The (2900-8000) kev channel reached its maximum count-rate during this time inter-

val. The differential energy spectrum could not be approximated with a simple exponential or power

law, as can be seen from Figure 2.
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Differential energy spectra of solar protons over the northeru polar cap during

March 7 to March 9, 1970. The diamonds refer to detector DI, the crosses to

detector D2 and the squares to detector D3.

148 .-



I:

i .

¢

i!!

$

!i
I
i:i •

j

i

i

i
I

Protons below 3000 kev continued to rise until, noon on March 8. Between 1240 UT and 2325 UT on

March 8, we have no available observations. From around midnight March 8 the flux in all energy

channels tended to decrease.

Comparing these data with the data referring to locally mirroring protons (D2) and taking into
account the statistical uncertainties, the measured pitch angle distribution is consistent with iso-

tropy over the upper hemisphere. This is sho_,m in Figure 2 where data from all three detectors are
used to obtain the proton differential energy spectrumreferring to different phases of the event.
On March 7 and 8, the differential energy spectrum is fairly flat up to around 2 Mev. The intensity

versus energy relation could from March 9 be approximated with a simple power law. As time progres-
sed, the intensities decreased slowly, but little change was observed in the spectral slope. The

lines in Figure 2 have only been drawn to indicate the spectral form.

S_RAAS, F.,

K. AARSNES,
B. R. LINDALEN and

M. M_HL MADSEN

REFERENCE

A satellite instrument for measuring protons in the ener-
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"T___ed Particles over the Northern Polar Cap between 6 and i0 Yarch 1970"

by

V. Domingo, D. E. Page and M. L. Shaw
Space Science Department (ESLAB)

European Space Research and Technology Centre

Noordwijk, Holland

The temporal and spatial pattern formed by solar particles across the polar cap now present a
rather complicated picture. The observed particle distribution apparently depends not only on time
and position but on energy and type of particle and on the direction of pointing and acceptance angle
of detectors used. One feature which has been studied is the relationship between the poleward bound-

ary of the Van Allen belts and the low latitude limit of solar particles. Data recorded at high
northern latitudes is reported in full here in order to avoid arbitrary or subjective definitions of
boundary, etc.

A geiger counter* with a geometric factor of 8.5 x 10-3 cm2 sterad and an opening angle of about
16°, was located perpendicular to the magnetic field aboard the field-aligned satellite ESRO IA/Au-

rorae. The geiger responded to electrons above 40 kev (defined in the usual way) and to protons
above 500 kev. The output of the geiger was handled by a logarithmic rate-meter over the range 4 to
4.7 x 103 counts/sec (saturation). The ratemeter output with a time constant of approximately 3 secs.

was sampled by an analogue telemetry channel each 12.8 sees.

The ESRO IA satellite which was launched on 3 October 1968 had at the time of the event an in-

clination near 94°, apogee of 800 km and perigee of 240 km. The orbital plane was near the dawn-dusk
meridian, the satellite passing from approximately 0600 to 1800 LMT (local solar time) over the north

11

pole. Data were recorded in real t_me from Tromso, Spitzbergen, Redu, and Fairbanks (the tape record-
er lasted for 6 months).

The counting rates from 6 March 1970 at 0000 UT until I0 March 1970 at 1800 UT have been plotted
against invariant latitude in Figures 1 through 4. Table 1 gives the height and time of passage of
the satellite over the point nearest to the north pole. The northern edge of the radiation belt is
generally clearly visible and it can be seen that it suffers large fluctuations during the event.
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The normal quiet time count rate over the central polar cap is below I0 per second. In Figure

5 we have plotted the median count rate obtained in the "plateau" region above 75 ° invariant lati-

tude. The particle flux over the polar cap is visible from 6 March at 1500 UT until I0 March at 1200

UT, On 8 March there is a cl ir peak at 0200 UT and a dubious peak at 1500 UT. The latter is dubi-

ous because at that time the satellite orbit is rather far from the magnetic pole and may therefore

be near the "auroral zone enhancements" of solar particle flux. We regard the definition of a "pla-

teau" as not being very meaningful in the light of the present knowledge of structure across the polar

cap. However, it is a way of illustrating how the event intensity progressed with time.

Figures 1-4 show counting rate versus invariant latitude. The numbers refer to the pass numbers

of the satellite (see Table i). The curves with an M refer to data measured in the morning side of

the pass and those with an A to the afternoon side of the pass over the north pole.
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"Redistribution of Trapped Protons following the 8 March ]970 Magnetic Storm"

by

S° M. Krimigis and P. Verzariu

Applied Physics Laboratory

The Johns Hopkins University

Silver Spring, Maryland

D. Venkatesan

Department of Physics

University of Calgary

Calgary, Alberta, Canada

and

B. A. Randall

Department of Physics and Astronomy

University of Iowa, Iowa City, Iowa

Introduction

The period 6 to 13 March 1970 represents a time interval when the interplanetary medium was

filled with large fluxes of low energy (<i0 Mev) particles [Armstrong and Bostrom, 1970]. On 8

Narch a magnetic storm occurred at 1417 UT which induced severe disturbances on the trapped ener-

getic particle population in the magnetosphere. In this paper, data are presented which show the

redistribution of protons in the energy range 0.3 _ E _ 0.45 Mev. The data were obtained with

equipment on the University of Iowa satellite Injun 5P(1968-066B) _lich has an apogee of 2525 hm,

perigee of 644 km mld _Iclination 80.7 °. The detector system is described in detail elsewhere

[Krimigis and Verzariu, 1970]. Briefly, it consists of a solid state detector telescope with a

full angle of _30 ° and points to withi_ i i0 ° of the no_nal to the local B vector.

Observations

The onset of solar particles for the period of interest occurred at _1700 UT on 6 March and

the intensity of I-i0 Mev protons reach background by the end of _4 March [Armstrong and Bostrom,

1970]. Data coverage with injun 5 was relatively sparse du_ing the two days prior to the sudden

coL_encement (SC) (1417 UT, 8 March) so that a satellite pass immediately prior to the SC _s not

available. Judging from magnetic activity before the SC, however, one infers that no significant

trapped proton redistribution could have taken place prior to this time.

Figure 1 shows a series of satellite traversals of the radiation belt for the period March 3

to 14, 1970. Note that all of these passes are taken in the early evening to local midnight sec-

ter in magnetic local time (MLT) and that the B range covered is approximately the same for all

passes. The pass on March 3 (day 62) is believed to be representative of the steady state situa-

tion prior to the SC on 8 March. One observes the following:

(a) The shape of the intensity profile has been severely distorted _50 minutes

after the sudden commencement. The peak flux has increased by a factor of

_2 and the boundary has apparently moved inward° The intensity below _55 °

invariant latitude A has not changed significantly.

(b) Further distortion of the intensity profile has not as yet occurred on the

following pass two hours later at _1715 UT on the same day.

(c)

(d)

The pass at %2115 UT shows additional effects in the intensity profile with

such chan_es extending down to at least 50 °. The intensity maximum has

moved inward to A _52 ° and the peak llux has increased to %4 x 106(cm2sec

sr Mev) -I, i.e., a factor of 20 higher than the maximum pre-event flux.

We note that thls pass follows a major recovery in the geomagnetic field

at high latitudes, which occurred at _2020 UT. This recovery may be

associated with the onset of bay activity.

Passes on days 69 to 73 (i0 to 14 March) show the establishment of a new

steady-state distribution with a much sharper peak located at A _57 ° (L _3.4).

The peak intensity is about a factor of 20 greater when compared to that prior

to the sudden comnmncement. One also notes that there is no significant change

in the location of the boundary.
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(e) The polar plateau intensi_y profiles are generally similar to those that

have been observed in the past. A detailed investigation of these plateaus

is beyond the scope of this study.

We note here that intensity changes for higher energies (up to 1.4 Mev) appear to be similar

(although less pronounced) to those observed at 0.3 Mev and shown in Figure i.
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Fig. 2. A plot of the differential proton intensity for three L values and

in the indicated B range. Note the local time asyr_etry and the

reversal in its sign as one progresses from L _3.5 to L _2.7. The

error bars do not exceed the size of the plotted point except where

shown.
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Figure2 showsthe differential intensity as a function of timefor the period2 to ]5 March
at L valuesof 3.5, 3.0, 2.7 andBrange0.21 to 0.25gauss. Thepoints arecodedaccordingto
themagneticlocal time (MLT)at whichtheobservationswereobtained. Thereare severalremarks
to bemaderegardingthis figure:

(a) Theintensity beganto increasei_mediatelyafter the suddencommencement
andcontinuedto build upuntil at least day71 (12March). Thepost-
stormintensity wasat least a factor of 25higher thanthe prestorm
value.

(b) Thereexists a local time_symmetryin the intensity profile for the same
valuesof L andB. Specifically, (i) at L = 3.5 ± 0.i (top panel) the
intensity at _1800MLTis higherby a factor of 5 thanthat at _0500P_T;
(2) at L = 3.0 ± 0.i, on theotherhand,the converseis true, i.e., the
intensity at 0500MLTexceedsthat at 1800MLTby a factor of _5; (3) the
sameholdstrue at L = 2.7± 0.I as in (2) but the intensity at 0500MLT
is greaterby a factor of _20thanthe oneat 1800MLT. Thescatter in
the dataat the tworespectivelocal timesis probablydueto thewide
rangein B andthe sharpgradientsin the L piofile as seenfromFigurei.

Weconsiderthe damon-duskasymmetryto beoneof the mostimportantobservationsobtainedduring the
March1970magneticstorm.

Summar_and Discussion

The results presented in Figures 1 and 2 may be summarized as follows: (I) The peak differ-

ential intensity of 0.3 _Ep <0.45 Mev geomagnetically trapped protons increased by a factor of

_20 following the 8 March 1970 magnetic storm; (2) there exists a dawn-dusk asy:mnetry in the

intensity increase which is_a strong function of L in the range 2.7 to 3.5.

Because of the preliminary nature of the present study, it is not possible to attempt a com-

plete and full interpretation of the data. There are, however, some features that clearly stand

out. First, the magnitude of the increase exceeds anything that has been reported so far for

protons in this energy range and at L values as low as 2.7 earth radii [for a review see Williams,

1970]. Secondly, the bulk of the increase must be accounted for by locally accelerated particles

of either solar wind or exospheric origin rather than direct injection of energetic solar parti-

cles into trapped orbits, since the trapped particle intensity far exceeds the solar particle

intensity observed over the polar caps. Further, there was a build-up in the intensity over sev-

eral days, during which the solar particles had decayed to insignificant fluxes (Figure i). Third-

ly, the local time asymmetry and the reversal in its sign in going from L _3.5 to L _3 suggests a

direct connection between the ring current and the energetic particle population. In particular,

protons present at 1800 MLT are not able to drift to 0500 MLT at L _3.5, while protons at 0500 _T

at L _2.7 are not able to drift to 1800 MLT, suggesting that there is a sink of particles at some

local time on either side of L _3.2. That this effect persists for several days is indeed remark-

able, since the ring current must have presumably decayed by this time. We emphasize here the

fact that the data are preliminary and stress the tentative nature of the conclusions, pending a

more complete study.
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"Proton and Alpha Particle Measurements Over the Northe_nl Polar Cap with

the Satellite GRS-A/Azur Durin_ the March 1970 Solar Proton Event u

by

t

E. Lammers and J. Moritz

Institut fur Reine und Angewandte Kernphysik

Universitat Kiel

Germany

Some data taken with the satellite GRS-A/Azur over the northern polar cap during the March 1970

solar proton event are presented.

The satellite GRS-A/Azur was launched November 8, 1969, 0152 UT into a nearly polar sun synchro-

nous dawn-dusk orbit with a perigee of 333.84 km and an apogee of 3,145.43 km. The inclination is

102.975 degrees, the period 121.876 minutes. The satellite is magnetically aligned to the magnetic

field lines. During the period from March 2 to 17, the period for which data are given here, the apo-

gee moved from 27 ° to 50 ° N on the evening side of the orbit.

The experiment EI-92 of the satellite measures with two solid state detectors the directional

intensity perpendicular to the magnetic field lines of protons in the energy range 0.25 to 13.5 MeV

and of alpha particles in the energy range 2.0 to 6.4 MeV. The full opening angle of the direction-

ality defining aperture is 20.4 degrees, the geometry factor is 0.0137 cm2sterad. Pulse height dis-

crimination of the detector pulses in combination with coincideuce constraints defines 6 separate

count rate channels. These channels are sampled every i0 seconds and the data are transmitted in

real-time. The 6 channels represent:

Channel I:

Channel 2 :

Channel 3 :

Channel 4 :

Channel 5 :

Channel 6 •

protons in the energy range 1.65 to 13.5 MeV

protons in the energy range 0.25 to 12.5 MeV

protons in the energy range 0.25 to ]..65 MeV

protons in the energy range 0.5 to 1.65 MeV

protons in hhe energy range 1.0 to l.f5 MeV

Alpha particles in the energy range 2.0 to 6.4 MeV

In the process of data evaluation the time-ordered data are supplemented with the magnetic coordinates

B, L, andAusing the GSFC 12/66 model, Multlplieation of the count rates per i_ sec with the factor

7,39 leads to particles/cm 2 sec sterad.

During the March period only passes over the north polar cap have been received and due to the

distribution and function of the receiving ground stations not always all of the 12 polar passes per

day were covered. Depending on the time of the day the satellitets orbit reaches to different m_ximal

geomagnetic latitudes in respect to invariant latitudes.

Count rate profiles of polar passes are shown in the Figure 1 through 3. They give examples of

three different types of profiles to be discerned during the period of enhanced count rate over the

polar caps. Figure i gives a pass reaching up to 86.61 ° invariant latitude beginning at 0231 UT on

March 8. The total polar cap is filled with protons exhibiting only little structure. There is a

small indication of lower intensity on the evening side of the pass, a feature that can be recognized

on some of the polar passes with smooth intensity profile. In contrast passes with more structure

very often show an enhancement on the evening side.

Figur 9 2 gives one of the two passes following the ssc at 1420 UT that show a completely differ

ent appearance of the count rate over the pole than all other passes. These two are a pass at 1506 UT

(not shown here) that reaches up to only 70 ° invariant latitude and the one at 1857 U T shown in Figure

2 reaching to 73.5 ° invariant latitude. These two passes show very disturbed flux conditions reach-

ing d_n to 55 ° invariant latitude, a region normally filled with trapped particles. Another pass

from 1705 UT in between the two passes with rapidly varying fluxes shows in contrast a rather smooth

flux profile compar_b!e tn tha one given in Figure 3. This might be an indication of direct particle

access to the polar caps if one correlates this to the large negative excursions on the magnetic re-

cords of high latitude stations at 14 to 16 and 19 to 21 hours UT, whereas the value goes back to al-

most normal between 16 and 19 hours UT when a more smooth intensity profile is measured.

Figure 3 gives a pass from early March 9, that shows the typical flux enhanc_nent at auroral

latitudes, which seems to be the nomnal distribution of particles over the polar caps as it is seen

in most of our passes.

The time development of the measured intensities of protons and alpha particles for the period

March 2 to 17 is given in Figures 4 through 6 for an invariant latitude of 70 ° . 'l_is latitude was

_hosen as it gives the _ximum of contacts well beyond the normaly obse_ed trapping boundary which
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Can be defined, at 68 ° for the low energy and at 60 ° invariant latitude for the higher energy protons,

as the point where the count rate at magnetically quiet times falls into the no_nal background rate.

The intensity_of the 0.25 to_1.65 MeV protons started to rise on February 26: not shown on the plot,

and mainly stays over the background intensity for the whole time period. M_ximum intensity is observed

ilmnediately following the ssc on March 8_ 1420 tFf. The intensity of the 1.65 to 13.5 MeV protons is

not enhanced until March 6, around 18 hours and the onset coincides with the > i0 MeV flux increase ob-

served with IMP G [Solar-Geophysical Data, Number 313 - Part II, U. S. Department of Commerce (Boulder,

Colorado U.S.A. 80302)]. Again maximLun intensity is obse#ved on the passes following the ssc. As for

the low energy protons a second slight intensity increase appears on late March 12. The alpha particles

in general exhibit a behavior comparable to the high energy protons.

If the assumption is correct that the passes immediately following the ssc are exempt because of

direct particle access to the polar caps an envelope can be drawn to the intensity-time profiles lead-

ing to different times of the intensity maximum for different particle energies and a nearly exponen-

tial decline from maximum with a time constant of 12 hours which is independent of particle energy.

Then the 1.65 to 13.5 MeV protons reach maximum intensity about 8 hot_rs earlier than the 0.25 to 1.65

MeV protons. The maximum for alpha particles lies closer to the maximum of the lower energy protoms.
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i_ ,.Observation of Solar Particles in March 1970 and Correlated Effects in the Outer Radiation Belt"

3

by

E. Achtermann, B. H_usler, D. Hovestadt and M. Scholer

Max-Planck-Institut f_r Physik und Astrophysik

Institut fur extraterrestrische Physik

_ Garching

!__n!roductio_

It is the purpose of this paper to present a collection of experimental data which has been ob-

talned during the March 1970 solar proton events. The events were associated with one of the largest

_comagnetic storms which occurred to date of this solar cycle. The data we report were obtained be-

tween March 6 and March 18, 1970.

The instl_m_ents were carried by the polar orbiting satellite GRS-A/AZUR (inclination 102.94, peri-

_ee 383 _, apogee 3145 km, period = 122 min.). The satellite is magnetically stabilized. Two pro-

ton alpha-particle telescopes (88/1 and 88/2) are oriented perpendicularly (88/1) and at an angle of

&5 degrees (88/2) with respect to the geomagnetic field vector. In the northern hemisphere telescope

88/2 is pointing upwards. The telescopes cover the energy range from 1.5 to 104 MeV for protons in

six energy channels, and 6 to 19 MeV for alpha-particles in one energy channel. In addition, two

i_nidirectional proton-electron detectors are employed which cover the energy range from 20 to 72 MeV

for protons and >1.5 MeV for electrons.

Instrumentation

The telescopes 88/1 and 88/2 are particle range devices consisting of a stack of seven fully de-

pleted silicon detectors. The energy channels are defined by the thickness of the detectors and of

the absorbers placed in-between.

The stacks are surrounded by a plastic anti-coincidence scintillator and a'heavy shielding (only

protons with energies >75 MeV are able to penetrate).

Table 1 shows the energy ranges and the logical condition of hhe different channels KI to K7.

Channel

KI

K2

K3

K4

K5

K6

K7

Table I

Logic

AB_

ABDS

BC_
CDES

DEFS

EFGS

FG_

Particle

protons

alpha

protons

protons

protons

protons

protons

Enersy

1.5 - 2.7 MeV

6- 19 MeV

2.7 - 5.2 MeV

5.2 -10.4 MeV

10.4 - 22 MeV

22 - 49 MeV

49 - 104 MeV

Geometrical factor: 5.80 x 10-2 cm 2 ster (telescope 88/1; 90 °

5.95 x 10-2 cm 2 ster (telescope 88/2; 45 °

Response of the telescopes 88/I an_88/2 of the satellite AZUR0

A to G = Silicon detectors, S = Anti-coincidence scintillator.

Th_ geometrical factor of the instruments are 5.80 x 10 -2 cm 2 ster for telescope 88/1 and 5.95 x
10 -2 cm ster for telescope 88/2.

As calibration measurements show [Achtermann, et el., 1970], the sensitivity of the instruments

to energetic electrons is less than 10 -6 for all coincidence channels as long as pile-up effects can

be neglected. This is true for all measurements reported here.

The omnidirectional counters 93/1 and 93/2 consist of cubical lithimn-drifted silicon detectors,

heavily shielded on one side and covered by a hemispherical shield over a _ solid angle on the other

side. The thickness of the hemispherical shield determines the lower energy threshold for protons and

electrons. The upper energy limit for protons is determined by the energy loss in the silicon cube

in relation to the electronical threshold. Electrons and protons are separated by the electronical

threshold (300 keV for the electron channels and 5.0 MeV for the proton channels).

Table 2 shows the relevant parameters of the devices. The geometrical factor for electrons was

deter,_ined in calibration measurements. A detailed description of the experiments and an analysis

of the calibration measurcments are published elsewhere [Achtermann ct al., 1970].
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Channel
K1

K2
K3

K4

c 4 1 "_h.e_d]ng Energy

0.53 g/em2Al >]..5 MeV

0.53 _,,cm2Al > 20 MeV

0.53 g/cm2Al 20-45 MeV

2.34 g/cm2Cu > 4 MeV

2.34 g/cm2Cu >40 MeV

i2.34 $/cm2Cu 40-72 MeV

)onse

Table 2
I

0.3 MeV 1 e-

0.3 MeV "I P

5.0 MeV p

0.3 MeV e-

0.3 MeV I P

5.0 MeV I P

Threshold Particles VGe ome tTi_aT_a_, t_r

|energy dependent

2.7 x 10 -2 cm 2

1.95 x 10-2 cm 2

I energy dependent

14.7 x 10-2 cm 2

|3.4 x 10 -2 cm 2

of the Omnidirectional Particle Counters of Satellite AZURRes

llistory of the March 7 Solar Particle Event

The time history of the solar particle influx into the polar cap for different proton energy

channels is given in Figure i. The lower curves show the results of the 45 ° AZUR telescope (88/2)

as obtained at a geomagnetic invariant latitude of A= 70 ° + 0.5. At the time of measurement the

apogee (3100 km) of the orbit was near the polar region. Therefore most of the measurements were

obtained above 2900 k_ altitude.

A region of observation at an invariant latitude of A = 70 ° has been chosen because of an ap-

parently easy access of solar flare particles from interplanetary space into this region [Williams

and Bostrom, 1969; Evans and Stone, 1969; see also "Entry of Solar Particles into the Polar Region"
of this paper].

Tne top curves of Figure 1 give the proton flux above 13.9 MeV [Pioneer 8 data, Solar-Geophysi-

cal Data 1970] as observed at a heliocentric longitude of about 45°E and the proton flux above

i0 MeV as observed in the vicinity of the earth outside the magnetosphere [Explorer 41, Solar-

Geophysical Data 1970]. In addition the time history of the proton/alpha-particle ratio:

Protons (5.2 < E < 22 NeV).

Alpha-particles (6 < E < 19 MeV)
is given.

In the lower part of Figure 1 we plotted the major flares, their solar longitudes [Solar-Geo-

physical Data 1970], and the sudden commencement which occurred in the time considered here. In

Figure 2 tile solar proton energy spectra are given at the times indicated in Figure i.

Early on March 7 in nearly all energy channels therc wa_ a sudden flux increase. Since the 2B

flare started at a later time, this increase may be due to the IN flare which occurred at the west-

ern limb of the sun more than one day earlier. At the same time an enhancement in the E > I0 MeV

proton flux at Explorer 41 can be seen. For several hours (8h) the proton flux roughly remains

constant with some fluctuations. During this period the proton/alpha ratio stays also constant at

a value of about 30 + i0.

On March 7 at about 2230 UT a second fast flux increase by about one order of magnitude occur-

red in all energy channels. In the following time span, until the sudden commencement on March 8,

all proton channels reach their maximum flux values. During this period the proton/alpha ratio is

roughly constant at a value of about 8 to i0.

Associated with the sudden commencement a sudden decrease in the counting rates occurs in all

energy channels, which slowly continues for several days until nearly background level is reached.

Also, the proton�alpha ratio drops to a value of about 5.

Later, on March 12, another flux increase occurs which probably is associated with a 2B flare

at west 45 ° solar longitude, since no flux increase has been observed on Pioneer 8 at a position of

45 ° east solar longitude.

The second flux increase of the March 6/7 event appears about half a day earlier at Pioneer 8

the lines of force at the position of Pioneer 8 are rooted about 0 ° east heliocentric longitude.

Therefore it is very likely that this flux increase is associated with the 2B flare at I0 ° east

solar longitude, which occurred on March 7, 0150 UT.

Entry of Solar Particles into the Polar Region

Figure 3 shows a sequence of 3 polar passes (Orbit 1415, 16, 18) at a time before, during and

after a strong increase in the interplanetary proton flux (I - 8.8 MeV) on March 7, 2228 UT [Simp-

son 1970]. With a delay of a few minutes the observed flux at an invariant latitude of 70 ° roughly

represents the flux observed on IMP5 outside the magnetosphere. In the second pass (Orbit ]4]6)

the flux of low energy protons at high latitudes A > 75 "_ rLmains on the level of orbit 1415. Four

hours later (Orbit 1418) the polar region uniformly shows the higher flux level. The short time de-

lay at low latitudes and the longer delay at higher latitudes as well as the energy dependence sug-

gest that for these particles d_ffusion across the magnetospheric tail m_ght play an important role

[Michel and Dessler, 1965; Williams and Bostrom, 1969].
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energy spect:ra are obtai_ed are indicated (see Figure 2.). In addition Pioneer 8

and Explorer 41 data on protons are included.
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suggest that for these particles diffusion across the magnetospheric tail might plan an important

role [Michel and Dessier 1965, Williams and Bostrom 1969].
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Fig. 3. Proton and alpha-particle flux as a function of the invariant latitude A for three

polar cap passes before (Orbit 1415), during (Orbit 1416) and after (Orbit 1418) a

fast flux increase in the interplanetary space.

During the period of non-unifonu flux distribution over the polar cap (March 7, 2250 UT) the

proton/alpha-particle ratio has been investigated. An attempt has been made to correlate the proton

flux of various energy channels with the flux of alpha-particles. In Figure 4 the counting rates of

the proton channels of telescope 88/2 bet_]een 1.5 MeV and 49 MeV are plotted versus the counting

rate of the 6 to 19 MeV alpha-particle channel. The best correlation, a line with the slope of

about 1.06 is obtained for channel 4 (5.2 - 10.4 MeV) and for the sum of channel 4 and 5 (5.2 - 22

MeV).
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The correlation for lower and higher energy channels deviate considerably from a slope equal to

one. Assuming a proton/alpha ratio outside the magnetosphere which is constant over the period of

measurement we conclude that during this period the conditions for propagation into the polar cap of

protons _nd alpha-particles of the same energy are the same. Since protons and alpha-particles of the

same energy carry the same :aagnetic rigidity, Jt follows that the entry of the particles was mainly

ruled byeffects dependent on rigidity and not on velocity.

Variations of the Outer Zone Electron Flux

Figure 5 and Figure 6 show a sequence of polar cap passes with the time flux profiles of elec-

trons with energies >1.5 MeV and >4 MeV as measured with the omnidirectional detectors 93/1 and 93/2.

During all passes the satellite had a minimum altitude of 2900 km.

Figure 5 shows the long time behavior of the outer zone electron fluxes over a period of eight

days including the time before arrival of f]are particles. Figure 6 shows the short time sequence

after the sudden colmnencement (SSC) on March 8, 1418 UT.
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Fig. 5. Flux variations in the outer zone electron belt during the time of

geomagnetic activity• Altitude 2900 to 3100 km in the region L = 3

to 4. The peak with the higher intensity represents electrons >1.5 MeV,

the lower peaks electrons E >4 MeV. Orbit 1401 and 1413 were measured

before the ssc.

The main features of the passes are:

I) Before the sudden commencement (Orbit 1401 to 1413):

• a) A strong peak for electrons (E >1.5 MeV) at about L = 4.2 with a hump at

L_ 3.4.

b) A double peak for electrons (E >4 MeV) at L_ 4.2 and L_ 3.4 with a remark-

able slot in-between at about L = 3.8.

2) In connection with the magnetic disturbances of the ssc event (several hours before

and afte: ,_sc):

a) ]nit,ally a shori increase and then a fast decrease of the peak intensities

for electrons (E >1.5 MeV).
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A simultaneous shift in L to lower L-values.

Few (_ 4h) hours after the ssc there remains only one electron peak at

L_ 2.9 for both energies, The flux peak Js lowered by a factor of about

I0 for E >1.5 MeV and of about i0 for high energy electrons (E > 4 MeV).
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a) Gradual recovery of low energy and high energy electron flux at L_ 2.9.

b) Appearance of an additional peak for bot_ electron energies at about L

4.2 one day after ssc.

Until March 14 the second peak slowly shifts to lower L-va]ues and finally merges with

the peak at L_ 3.0 to form a broad peak with a high electron flux (the peak flux is

about a factor of 2 higher than before the event). This structure remains present

over a long period (at least until March 18, 1970).
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flu× values of both E >1.5 MeV peaks as a function of time.
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These experimental results are sun_narized in Figure 7, which shows the peak intensity of the E

>1.5 MeV electron flux and tile peak position in L-values as a function of time.

A comparison with the _7o onboard proton telescopes 88/I and 88/2 leads to tile conclusion that

this time characteristic is really due to electrons. Beside this the proton channels of both onmi-

directional counters do not respond at all in this region of space.

For electrons comparable with the lower energy range similar results were obtained for previous

magnetic disturbances by other authors [Frank 1965; Williams 1966, 1967; Craven 1966; Williams et al.

1968].

_I interpretation of the rather complex phenomenon is difficult and should await additional in-

formation from other experiments on electrons of lower energy. Nevertheless, the rapid shift (within

1 day) of the outer electron belt from L = 4.2 to L = 2.9 during the first part of the event and

the slower shift (within 4 days) of the secondary electron peak one day after the ssc from L = 4.2 to

L = 3.0 probably can be attributed to radial L-shell diffusion under violation of the third adiabatic

invariant.

Another question is the fact of appearance of energetic electrons well within the trapping re-

gion at L = 4.2 one day after the ssc and its slow increase in the intensity which occurs simultane-

ously with the inward L-diffusion. Correlated measurements at lower energies should show whether the

slow flux increase for electrons E >1.5 MeV and E >4 MeV is due to the energizing of lower energy

electrons (with a steep energy spectrum) by the inward L-shell motion.
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